Cb-1Zr sodium thermal convection loop by Holowach, J. & Hoffman, E. E.
N A S A  C O N T R A C T O R  
R E P O R T  
Cb-1Zr SODIUM  THERMAL 
CONVECTION LOOP 
by E.  E. Hoffmun uj2d J. Holowuch 
Prepared by 
GENERAL ELECTRIC COMPANY 
Cincinnati, Ohio 
for Lewis Research Center 
LOAN COPY: RETURN TO 
KIRTLAND AFB, N .Ti/lEX 
AFWL [WLIL-2) 
.. . . .. , 
c m n 
D 
3 
x 
m % 
2 
E 
N A T I O N A L   A E R O N A U T I C S   A N D   S P A C E   A D M I N I S T R A T I O N  WASHINGTON,   D .  C .  SEPTEMBER 1968 
https://ntrs.nasa.gov/search.jsp?R=19680025681 2020-03-12T06:53:16+00:00Z
TECH LIBRARY KAFB, NY 
00b0384 
WASA CR- 1097 
/" 
Cb-1Zr SODIUM THERMAL CONVECTION LOOP 
/--. 
"L- -. 
*,"" ,- 
By E.  E. ,Hoffman . " and J . '  Holowach. 
Distribution of this  report is provided  in  the  interest of 
information exchange. Responsibility for the contents 
resides in the author or organization that prepared it. 
Pre red under Contract No. NAS 3-2547 by 
Cincinnati,  Ohio 
for  Lewis  Research  Center 
  GENERAL ELECTRIC cq- 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
For role by the Clearinghouse for Federal Scientific and Technical Information 
Springfield, Virginia 22151 - CFSTl price $3.00 

The work descr ibed herein was performed by the General .  Electr ic  
Company under NASA Cont rac t  NAS 3-2547. The purpose was t o  design, 
c o n s t r u c t ,  t e s t ,  and eva lua te  a Cb-1Zr l o o p  i n  w h i c h  sodium was c i r c u -  
l a t e d  by thermal  convect ion for  1000 hours.  Components t o  be evaluated 
i n  t h i s  e x p e r i m e n t  i n c l u d e d  e l e c t r i c a l  power vacuum feedthroughs,  thermo- 
couples,  the method of a t t a c h i n g  h e a t e r  e l e c t r o d e s ,  t h e  e l e c t r i c &  
r e s i s t i v i t y  c h a r a c t e r i s t i c s  of the  hea ter  segment ,  and  the  use  of  
thermal  and e l e c t r i c a l  i n s u l a t i o n .  Mr. T. A. Moss and Mr. R.  L. Davies, 
Space Power Systems Division, Lewis Research Center,  were the Technical 
Managers for the National Aeronautics and Space Administration. The 
r e p o r t  was o r i g i n a l l y  i s s u e d  as Genera l  E lec t r i c  Repor t  R67SD3014. 

ABSTRACT 
A sodium thermal convection loop constructed of Cb-1Zr w a s  t e s t e d  f o r  
1000  hours a t  temperatures up t o  2380OF. The purpose of the experiment w a s  
t o  e v a l u a t e  s e v e r a l  of the  components  se lec ted  for  subsequent  use  in  a two- 
loop Cb-1Zr f a c i l i t y   i n  which l iquid sodium w a s  t o  c i r c u l a t e  i n  a primary 
loop and  potassium w a s  t o  c i r c u l a t e  i n  a two-phase  secondary  loop. I n  
genera l ,   the   components   t es ted   per formed  sa t i s fac tor i ly .  No s i g n i f i c a n t  
co r ros ion  of t h e  Cb-1Zr by the high temperature sodium was observed and the 
l e v e l  of t h e  vacuum environment maintained during the experfment prevented 
de le te r ious   contaminat ion  of t h e  Cb-1Zr tubing. The r e s u l t s  of chemical 
a n a l y s i s  i n d i c a t e d  a mig ra t ion  of t he  oxygen i n  t h e  Cb-1Zr tubing from the 
ho t t e s t  r eg ions  o f  t he  loop  to  the  coo le r  r eg ions .  
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Cb-xr- -SO.DI.UM THERMAL CONVECTION LOOP 
I" INTRODUCTION 
Th i s  r epor t  desc r ibes  the  des ign ,  f ab r i ca t ion ,  i n s t rumen ta t ion ,  ope ra t ion ,  
and evaluation of a Cb-1Zr thermal convection loop i n  which sodium was c i r cu -  
la ted  5or   1000  hours .   This   loop was t h e  f i r s t  t es t  i n  a series of three  which 
1-, were inc luded   in   th i s   p rogram.  The primary  purpose  of  the  Potassium  Corrosion 
$ 
b -9 Test Loop Development  Progrsm w a s  t c  develop a pro to type   cor ros ion  test loop 
I!, ' 
". . 
f o r  t h e  e v a l u a t i o n  of r e f r a c t o r y  a l l o y s  i n  b o i l i n g  and condensing pctassium 
envi ronments  which  s imula te  pro jec ted  space  e lec t r ic  power systems. 
The Cb-1Zr Rankine System CrJrroEion Test Loop experiment, which w i l l  be  
d e s c r i b e d  i n  a s u b s e q u e n t  t o p i c a l  r e p o r t  i n  t h i s  series, w a s  to c o n s i s t  of a 
two-losp Cb-lZr f a c i l i t y  i n  which liquid sodium w a s  pumped in  the  pr imary  
c i r c u i t  and potassium was pumped and  bo i l ed  in  a two-phase secondary Loop. 
The r e q u i r e d  o p e r a t f o n a l  c o n d i t i o n s  i n i t i a l l y  s p e c i f i e d  for the  pctassium 
c i r c u i t  of the  loop  are l i s t e d  below: 
a. Boiling  temperature - P900°F 
b. Superheat  emperature - 2000°F 
c. Candensing tefiperature - 1350°F 
d.  Subcgoling temperature - 800°F 
e.  Mas; f l o w  r a t e  .= 20 to 40 l b j h r  
f .  Vapor impingement  velocity on b l ades  - 1000 € t / s e c  
g. Test d u r a t i o n  -. 2500 hr* 
The  method chasen  to  hea t  t he  bo i l e r  of t h e  Cb-1Zr Rankine System Corrosion 
T e s t  Loop w a s  t h e  u s e  of a primary or  heater  loop In which 12R*" heated sodium 
w a s  t o  be  pumped through the outer  annulus  of a tube-in-tube counterflow boiler 
where  the  requi red  hea t  w a s  to b e  t r a n s f e r r e d  t o  t h e  p o t a s s i u m  i n  t h e  s e c o n d a r y ,  
* Test dura t ion   subsequent ly  was ex tended   to  5000 hours. 
** 12R w i l l  b e  u s e d  t o  d e s i g n a t e  t h e  s e l f - r e s i s t a n c e  h e a t e r  i n  t h i s  r e p o r t .  
-1 - 
two-phase c i r c u i t .  One of t h e  p r i n c i p a l  g o a l s  of t h i s  tes t  program was t o  
i n c o r p o r a t e  as many components as r equ i r ed  to  a s su re  an  accu ra t e  de t e rmina t ion  
of t h e  test  condi t ions  and  thereby  minimize  the  poss ib i l i ty  of undetected tes t  
v a r i a t i o n s ,  e .g . ,  h igh  f requency  boi l ing  ins tab i l i t i es ,  which  might  compromise 
loop  ope ra t ion  o r  t he  pos t - t e s t  compa t ib i l i t y  eva lua t ion .  
In o r d e r  t o  a s s u r e  t h e  optimum performance and r e l i a b i l i t y  of the  ind iv id-  
u a l  components of the Cb-1Zr Rankine System Corrosion Test LOOP, a p l an  w a s  
e s t a b l i s h e d  t o  e v a l u a t e  as many of t h e  c r i t i ca l  loop components as was p r a c t i c a l  
i n  two pre l iminary  loop  tests. These two loop tests were to  be  des igned  and  
o p e r a t e d  i n  a manner t o  e v a l u a t e  p r i m a r i l y  t h e  c r i t i c a l  components associated 
w i t h  t h e  a l l - l i q u i d  s o d i u m  h e a t e r  c i r c u i t .  S e v e r a l  o f  t h e  r e a s o n s  f o r  t h i s  
approach are l i s t e d  below: 
1. The h ighe r   ope ra t ing   t empera tu res   and   e l ec t r i ca l  power requirements 
of t he  sod ium hea te r  c i r cu i t  migh t  r e su l t  i n  ma l func t ion  o r  deg rada t ion  of 
c r i t i ca l  components such as t h e  EM pump. 
2. Many of the   components   requi red   for   the   po tass ium  c i rcu i t ,   e .g . ,   va lves ,  
p ressure  t ransducers ,  could  be  adequate ly  eva lua ted  in  the  s ing le  phase  sodium 
s y s  tems 
The two al l - l iquid sodium loops were o r i g i n a l l y  d e s i g n a t e d  Component 
Evaluat ion Test Loops I and 11. These two loops w i l l  b e  r e f e r r e d  t o  as t h e  
Cb-1Zr Sodium Thermal Convection Loop and the  Cb-1Zr  Pumped Sodium Loop i n  t h e  
top ica l   r epor t s   cove r ing   t hese   expe r imen t s .  The thermal  convection Poop tes t  
i s  t h e  s u b j e c t  of t h i s  r e p o r t .  I t  w a s  s p e c i f i e d  t h a t  t h i s  l o o p  w a s  to  be oper-  
a t e d  f o r  1000 hours a t  a maximum temperature of 2200°F t o  e v a l u a t e  t h e  e l e c t r i c a l  
r e s i s t i v i t y  c h a r a c t e r i s t i c s  of the  hea ter  segment ,  the  method of a t t a c h i n g  t h e  
e l e c t r o d e s ,  t h e  e lec t r ica l  power vacuum feedthroughs,  thermocouple materials 
and procedures, and the performance of s e l e c t e d  t h e r m a l  a n d  e l e c t r i c a l  i n s u -  
l a t i o n  materials. I n  a d d i t i o n  t o  t h e s e  s p e c i f i c  component e v a l u a t i o n s ,  i t  was 
a n t i c i p a t e d  t h a t  t h e  t o t a l  p r e s s u r e  and p a r t i a l  p r e s s u r e  m e a s u r i n g  i n s t r u m e n t a t i o n  
a s soc ia t ed   w i th   t he   ve ry  low p r e s s u r e  tes t  chamber environment - 10-8 t o r r )  
would be  eva lua ted  and  the  ex ten t  of environmental contamination would be deter- 
mined by pos t - t e s t  ana lys i s  o f  c r i t i ca l  loop components. 
. .  
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The Cb-1Zr  a l l o y  w a s  chosen by NASA as the  pr imary  material of loop con- 
s t ruc t ion  fo r  t he  en t i r e  Po ta s s ium Cor ros ion  Tes t  Loop Development Program based 
on i t s  a.dvanced s t a t e  of commercial development and the indica ted  cor ros ion  
r e s i s t a n c e  of t h i s  a l l o y  t o  h i g h  p u r i t y  a l k a l i  metal environments. I t  was a n t i -  
c ipa t ed  tha t  subsequen t  t o  th i s  p rogram,  r e f r ac to ry  metal a l loys having consid-  
e rab ly  g rea t e r  h igh  t empera tu re  s t r eng ths  than  C b - 1 Z r  could be  e v a l u a t e d  i n  t h e  
two loop  cor ros ion  test  system developed by t h i s  program. 
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11. LOOP DESIGN 
The des ign  of  the  Cb-1Zr Sodium Thermal Convection Loop w a s  determined by 
a cons ide ra t ion  o f  t he  Cb-1Zr Rankine System Corrosion Test Loop test components 
which could be evaluated in  a test of t h i s  t y p e  and t h e  test f a c i l i t i e s  a v a i l -  
a b l e  f o r  s u c h  a loop. It was concluded  that  a thermal  convection  loop con- 
t a i n i n g  a n  I R h e a t e r  of the  ident ica l  d imens ions  proposed  for  the  sodium hea ter  
of  the  Rankine  System Loop would b e  t e s t e d .  The tes t  loop would  have o v e r a l l  
dimensions, which could be accommodated in  an  ava i lab le  26- inch  h igh  by 18-inch 
d iameter  ge t te r - ion  pumped high vacuum test chamber.  These f a c t o r s  e s s e n t i a l l y  
determined  the  design of t h e  t es t  loop. Due t o  t h e  l i m i t e d  h e a t  r e j e c t i o n  cap- 
a b i l i t i e s  i n  a small, unpumped loop  system  of t h i s  t y p e ,  i t  w a s  r e a l i z e d  t h a t  
the sodium heater  segment  could not  be operated a t  power leve ls  comparable  to  
those  to  be  subsequen t ly  r equ i r ed  fo r  t he  Cb-1Zr Rankine System Corrosion T e s t  
Loop. On t h e  o t h e r  h a n d ,  t h e  t e m p e r a t u r e  l e v e l s  t o  b e  r e q u i r e d  i n  t h e  Cb-1Zr 
Corrosion Test Loop h e a t e r  c o u l d  e a s i l y  b e  a c h i e v e d  i n  t h e  low f l o w  n a t u r a l  
convection  loop  system.  Although  the I 2 R  hea te r  and  the  a s soc ia t ed  h igh  e l ec -  
t r i c a l  c u r r e n t  vacuum feedthroughs  assoc ia ted  wi th  the  hea ter  were t h e  p r i n c i p a l  
components t o  b e  e v a l u a t e d ,  t h i s  test  a l so  provided  the  oppor tuni ty  to  check  out  
the  ins t rumenta t ion  procedures  assoc ia ted  wi th  test loop temperature measurement 
and the techniques used to  monitor  the vacuum  chamber t o t a l  p r e s s u r e  and the 
p a r t i a l  p r e s s u r e s  o f  t h e  r e s i d u a l  g a s e s  i n  t h e  e n v i r o n m e n t .  T h i s  test w a s  a l s o  
t o  b e  u s e f u l  i n  e v a l u a t i n g  t h e  e f f e c t i v e n e s s  o f  t h e  Cb-1Zr f o i l  wrapping as a 
r e f l e c t i v e  i n s u l a t i n g  m a t e r i a l  as well as i t s  u s e f u l n e s s  i n  r e d u c i n g  p o s s i b l e  
contamination of t h e  Cb-1Zr loop tubing by t h e  t es t  chamber  environment. 
2 
The f e a t u r e s  of t h i s  l o o p  are i l l u s t r a t e d  i n  F i g u r e  1. The engineer ing 
drawings  for  the  Cb-1Zr Sodium Thermal Convection Loop are i n c l u d e d  i n  Appendix 
A of t h i s  r e p o r t .  The f l o w   c i r c u i t  of the  loop was cons t ruc ted   o f  Cb-1Zr. The 
h e a t e r  c o n s i s t e d  of two 4 - inch  d i ame te r  he l i ca l  co i l s  i n  series which  formed 
the  major  por t ion  of the  hot  leg  of  the  loop .  The heated  sodium  flowed up- 
ward  through  the  heater  coils  and down t h e  c o l d  l e g  of the  loop .  Heat re- 
j e c t i o n  from the cold leg was e n t i r e l y  by t h e r m a l  r a d i a t i o n  t o  t h e  water- 
cooled walls of  the vacuum chamber. A small surge  tank  a t  the  top  of the  co ld  
-4 - 
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I ul I 
leg served as an expansion chamber t o  accommodate the volumetr ic  expansion of  
t h e  sodium dur ing  the  hea t ing  o f  t he  loop .  A Type  316SS/Cb-lZr bimetallic 
j o i n t  was loca ted  be tween the  surge  tank  and t h e  s t a i n l e s s  steel  bellows-type 
va lve  shown at  t h e  t o p  o f  t h e  l o o p .  A g a s  p r e s s u r i z a t i o n  l i n e  was a t t ached  
tQ the  surge  tank  which  was used  i n i t i a l l y  as t h e  sodium f i l l   l i n e  and during 
loop  opera t ion  as a n  i n e r t  g a s  p r e s s u r i z a t i o n  l i n e  t o  m a i n t a i n  t h e  p r e s s u r e  
i n  t h e  l o o p  a b o v e  t h e  s a t u r a t i o n  p r e s s u r e  o f  t h e  s o d i u m  t o  p r e v e n t  l o c a l i z e d  
b o i l i n g  i n  t h e  h e a t e r .  B o i l i n g  i n  t h e  h e a t e r  s e c t i o n  was u n d e s i r a b l e  s i n c e  
i t  would r e su l t  i n  uns t ab le  loop  ope ra t ion  because  o f  t he  change  in  the  ove ra l l  
e lectr ical  r e s i s t a n c e  o f  t h e  h e a t e r .  R a p i d  c h a n g e s  i n  t h e  r e s i s t a n c e  of t h e  
h e a t e r  c o i l s  would r e s u l t  i n  s e v e r e  power f l u c t u a t i o n s .  The  change i n  d e n s i t y  
of sodium l i q u i d  t o  v a p o r  would a l s o  a f f e c t  t h e  f l o w  r a t e  a n d  c o n t r i b u t e  t o  
l o o p  i n s t a b i l i t y .  The s t a i n l e s s  s teel  shut-off  valve on t h e  g a s  p r e s s u r i z a -  
t i o n  l i n e  was u s e d  d u r i n g  t h e  i n i t i a l  i n s t a l l a t i o n  and f i l l i n g  and was i n  t h e  
open pos i t ion  dur ing  loop  opera t ion .  
The des ign  ca l cu la t ions  used  to  p red ic t  sod ium f low rate ,  loop tempera- 
" 
t u r e s ,  power r e q u i r e m e n t s ,  e l e c t r i c a l  c h a r a c t e r i s t i c s  of t h e  I z R  h e a t e r  and 
t h e  i n t e r n a l  p r e s s u r e  stresses i n  the  loop are given in Appendix B .  The 
d e s i g n  d a t a  r e s u l t i n g  from t h i s  a n a l y s i s  are g iven  in  Tab le  I .  A l i s t i n g  of 
t h e  d e s i g n  d a t a  f o r  t h e  sodium c i r c u i t  of t h e  Rankine System Corrosion Test 
Loop is a l s o  given for  purpose of comparison. 
-6 - 
COMPARISON  OF THE DESIGN DATA"F0R  THE  Cb-1Zr  SODIUM THERMAL CONVECTION LOOP 
AND "HE  SODIUM  CIRCUIT OY THE Cb-1Z'r   RANKINE'  SYSTEM  CORROSION  TEST 
Sodium Heater C i r c u i t  C b - 1 Z r  
of t he  C b - I Z r  Rankine Sodium Thermal 
S y s t e m  Corrosion .:Test Loop Convection Loop 
S t r u c t u r a l  
Material 
Tube diameter  
Wall t h i c k n e s s  
Flow area 
F lu id  Flow 
Coolant 
Flow rate  
Veloc i ty  in  0 .25- inch  I D  t ub ing  
Reynolds no. 
F r i c t i o n  f a c t o r  
P r e s s u r e  loss, t o t a l  
Heat T r a n s f e r  - Heater 
Heater  length  
Geometry 
Tempera ture  in  
Temperature out 
Power inpu t  
E l e c t r i c a l  
Current 
P o t e n t i a l  
Power 
S t r e s s  
Cb-1Zr Cb-1Zr 
0.375 inch* 0.375 inch 
0.065 inch* 0.065 inch 
0.00033 f t 2  0.00033 f t 2  
Sodium 
824 lb /h r  
1 6  f t / s e c  
159,000 
0.0048 
1 5  p s i  
73 i n .  
4 i n .  d i a .  c o i l  
1950'F 
2100°F 
12 Kw 
2000 amp 
6 v o l t s  
12 Kw 
Sodium 
16  Ib /h r  
0 . 3  f t / s e c  
3,100 
0.012 
0.01 p s i  
73  in .  
4 i n .  d i a .  c o i l  
1700'F 
2200°F 
0 . 7  Kw 
650 amp 
2 . 7  v o l t s  
1 . 7 5  KW 
I n t e r n a l  p r e s s u r e  
Max. i n t e r n a l  p r e s s u r e  stress 
190 p s i  
370  ps i  
190  ps i a  
370  ps i  
* Boi le r  por t ion  of  the  sodium c i rcu i t ,  1 - inch  OD x 0.1-inch wal l  t h i c k n e s s  
tub ing .  
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111. MATERIAL  PROCUREhIENT 
A l l  p o r t i o n s  of t h e  Sodium Thermal Convection Loop which were t o  b e   i n  
con tac t  w i th  sodium during the test were cons t ruc ted  of  Cb-1Zr.  The Cb-1Zr 
components were f a b r i c a t e d  from 2-inch diameter bar (surge tank), 3-1/2-inch 
d i ame te r  ba r  ( e l ec t rodes ,  f i t t i ngs  and  b ime ta l l i c  j o in t ) ,  and  3 /8 - inch  OD x 
0.065-inch w a l l  tubing. With a few minor  except ions,  the bar  and tubing 
conformed t o  s p e c i f i c a t i o n s  u s e d  i n  p r o c u r i n g  t h e s e  materials. A more d e t a i l e d  
d iscuss ion  of  the  Qual i ty  Assurance  Tes t  Program and copies  of  the  spec i f ica-  
t i ons  used  in  p rocur ing  these  materials may be found i n  t h e  t o p i c a l  r e p o r t  
which  covered  th i s  phase  of  the  Potass ium Corros ion  Tes t  Loop Development 
Program").  The r e s u l t s  o f  c h e m i c a l  a n a l y s e s  o f  t h e  v a r i o u s  Cb-1Zr products  
u s e d  i n  t h e  c o n s t r u c t i o n  o f  t h e  l o o p  are g i v e n  i n  T a b l e  11. A s  may be noted 
i n  F i g u r e  1, the 3/8- inch OD t u b i n g  was used t o  form t h e  e n t i r e  l o o p  c i r c u i t ,  
wi th   the   except ion  of s e v e r a l  small f i t t i n g s .  The t u b i n g  was rece ived  from 
t h e  v e n d o r  i n  t h e  r e c r y s t a l l i z e d  c o n d i t i o n .  The f i n a l  a n n e a l i n g  h e a t  treat-  
ment o f  t h i s  material was 2200'F for one  hour  in  vacuum. 
(1) Frank, R. G . ,  et a l . ,  Potassium  Corrosion  Test  Loop Development  Topical 
Report  No. 2: Material and  P rocess  Spec i f i ca t ions  fo r  Re f rac to ry  Al loy  and- 
A l k a l i  Metals, R66SD3007, December 13, 1965. 
- -  
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TABLE I1 
RESULTS OF CHEMICAL  ANALYSIS OF Cb-1Zr MATERIALS  USED 
TO FABRICATE THE SODIUM T H E W  CONVECTION 
Chemical Analysis 
DDm 
Tubing, 3/8-Inch OD 
x 0,065-Inch Wall 
Vendor 
a 
GE-SPPS 
B a r .  2-Inch OD b 
Vendor 
GE - SPPS 
B a r ,  3-1/2-Inch OD 
Vendor 
GE-SPPS 
0 - 
123 
114,136 
340 
229,279 
340 
3 06 
N - 
15  
1,9 
65 
54 , 53 
65 
58 
~ 
H C 
6  46 
1 , 4  20,30 
3,7 4 0  
2,2  40,80 
3.7 4 0  
3 130, < lo0  
LOOP 
- w/o 
- Z r  
1.0 
"- 
1.1,0.87' 
"- 
1.1,0.87c 
"- 
a Analysis  of 2-inch OD tube blank from which tub ing  w a s  made. 
2-inch OD b a r  was formed by eloxing from 3-1/2-inch OD b a r .  
C I n g o t  a n a l y s i s .  
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IV. UKlP FABRICATION 
The Sodium Thermal Convection Loop w a s  made up pr incipal ly  of  3/8- inch 
OD x 0.065-inch wall Cb-1Zr tub ing .  Machined p a r t s ,  i n c l u d i n g  t h e  s u r g e  t a n k  
and t h e  f i t t i n g s  u s e d  t o  j o i n  t h e  v a r i o u s  t u b e  s e g m e n t s ,  are shown in  F igu re  2 .  
A l l  t h e  p a r t s  shown i n  t h e  p h o t o g r a p h  are of Cb-lZr,  with the exception of 
the s t ra ight ,  grooved tube segments ,  which are t h e  s t a i n l e s s  steel  por t ions  of  
Cb-1Zr t o  Type 316SS b i m e t a l l i c  j o i n t s .  
Assembly  of the loop consis ted of  coi l ing and bending the tubing,  join-  
ing the tube segments  and the machined components  by i n e r t  g a s  t u n g s t e n  arc 
w e l d i n g ,  h e a t  t r e a t i n g  t h e  Cb-1Zr weldments,  and brazing the Cb-1Zr t o  s t a i n -  
less steel  b i m e t a l l i c  j o i n t .  
The equipment ,  operators  and procedures  used in  the cleaning,  welding,  
b raz ing ,  and  hea t  t r ea t ing  ope ra t ions  were q u a l i f i e d  i n  a c c o r d a n c e  w i t h  t h e  
a p p l i c a b l e  SPPS s p e c i f i c a t i o n s  p r i o r  t o  t h e  i n i t i a t i o n  o f  l o o p  f a b r i c a t i o n .  
These  spec i f ica t ions ,  which  were inc luded  in  an  ear l ier  top ica l  r epor t " )  on 
t h i s  program, are l i s t e d  below. 
a.  Chemical  Cleaning  of Columbium and Columbium Alloy  Products,  SPPS 
S p e c i f i c a t i o n  No. 03-0010-00-B (SPPS-11A) . 
b.  Welding  of Columbium-1% Zirconium Alloy by t h e  I n e r t  Gas Tungsten 
Arc Process ,  SPPS S p e c i f i c a t i o n  No. 03-0004-00-B (SPPS-3B). 
c. Vacuum Brazing Bimetallic Tube Jo in t s , .SPPS  Spec i f i ca t ion  No. 
03-0008-00-B (SPPS-SA) . 
d.  Opera tor  Cer t i f ica t ion  for  High  Tempera ture ,  Vacuum Furnace  Brazing 
of Bimetall ic Tube J o i n t s ,  SPPS S p e c i f i c a t i o n  No. 03-0009-00-A 
(SPPS- l o )  . 
The  chamber i n  which the  weld ing  opera t ions  were performed is  shown i n  
F igu re  3. This  weld ing  chamber  and the  pos t -we ld  hea t  t r ea t ing  fu rnace  were 
q u a l i f i e d  s i m u l t a n e o u s l y  i n  a c c o r d a n c e  t o  t h e  w e l d i n g  s p e c i f i c a t i o n  l i s t e d  
above. The heat treatment of the weldments was done i n  t h e  w e l d i n g  chamber 
u s i n g  a spec ia l ly  cons t ruc t ed  tungs t en  hea te r  fu rnace  o f  t he  type i l l u s t r a t e d  
i n  F i g u r e  4 o r  i n  a commercial vacuum furnace . The b r a z i n g  o f  t h e  b i m e t a l l i c  
j o i n t s  was performed i n   t h e  l a t t e r  furnace.  
* 
* Richard D. B r e w  and Company, Incorporated,  Model 424-B, S e r i e s  286. 
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L 
Cb-1Zr 
Surge  Tank / and 
/ . End Cap 
Type 316SS-to- 
Cb-1Zr  Bimetallic Joint 
/ \  
'i 
' I  
.~ ~ " . .~ .- . , 
.1-."- 
I 
7 
\ . . . .  A. . 
t 
- .  
Cb-1Zr Spare Bimetallic Joint 
Offset j 
Tee , cine-2 ,: 
. .".Ad 
F i g u r e  2. Machined Parts of the  Sodium  Thermal   Convect ion Loop P r i o r  t o  Welding. 
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Alumina Insulated 
Electrical Feedthrough Tantalum Foil Used to Insulate 
/ Ends of Furnace 
Tantalum Shell 
' - and Insulation 
Assembly 
4-5/8" - I 
F i g u r e  4 .  R e f r a c t o r y  Metal Furnace  Used t o  P e r f o r m  L o c a l  Heat T r e a t m e n t s  of 
Cb-1Zr Weldments i n  t h e  Vacuum-Purge  Welding  Chamber. 
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A l l  welded and brazed joints  were inspec ted  by  X-ray and found t o  meet 
t h e  s p e c i f i c a t i o n s .  T h e  o r d e r  of loop  assembly was as follows: 
a .  
b. 
C .  
d .  
e .  
f .  
g .  
h .  
i .  
T h r e e  e l e c t r o d e s  were welded t o  t h e  t u b i n g  a d a p t o r s .  
The t w o  h a l v e s  o f  t h e  s u r g e  t a n k  were we lded  toge the r ,  hea t  t r ea t ed ,  
and  inspec ted .  
The bimetallic j o i n t  was brazed and inspected.  
The e l e c t r o d e s  were welded t o  t h e  t u b i n g  co i l s  and loop legs  and 
i n s p e c t e d .  
The offset  tee  f i t t i n g  was welded t o   t h e  bottom of t h e  s u r g e  t a n k .  
The bimetall ic j o i n t  was welded t o  t h e  s u r g e  t a n k ,  a n d  t h e  w e l d  was 
h e a t  treated and inspected. 
The loop legs  were welded t o  t h e  tee  f i t t i n g  and inspected. 
The welds a t  t h e  electrodes and tee  were h e a t  t r e a t e d  a t  t h e  f o u r  
l o c a t i o n s  u s i n g  t h e  t u n g s t e n  h e a t e r  f u r n a c e  i n  t h e  w e l d i n g  chamber. 
The s t a i n l e s s  s teel  b e l l o w s  i s o l a t i o n  v a l v e  was j o i n e d  t o  t h e  s t a i n -  
less steel  p o r t i o n  of t h e  bimetallic j o i n t  by i n e r t  g a s  t u n g s t e n  
arc  welding. 
Following completion of f a b r i c a t i o n ,  t h e  l o o p  was checked for  leaks us ing  
a helium mass s p e c t r o m e t e r   l e a k   d e t e c t o r   w i t h  a s e n s i t i v i t y  o f  1 . 6  x 10 torr 
and  no  leaks were detected a t  maximum s e n s i t i v i t y .  The  completed  loop  ready 
f o r  mounting  on t h e  l o o p  s u p p o r t  s t r u c t u r e  i s  shown i n  F i g u r e  5 .  The  upper 
p o r t i o n  o f  t h e  l o o p  was g r i t  b l a s t e d  w i t h  a l u m i n a  t o  i n c r e a s e  t h e  e m i t t a n c e  
o f  t h i s  r e g i o n  t o  a p p r o x i m a t e l y  8.5. T h i s  was done t o  boost t h e  r a d i a t i o n  
h e a t  l o s s  c a p a b i l i t y  o f  t h i s  r e g i o n  o f  t h e  l o o p .  G r i t  b l a s t i n g  was performed 
i n  a c c o r d a n c e  w i t h  SPPS S p e c i f i c a t i o n  N o .  03-0011-00-A (SPPS-PZ), which was 
a lso i n c l u d e d   i n   t h e   r e f e r e n c e d   t o p i c a l   r e p o r t  . 
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(1) 
The  suppor t  s t ruc ture  for  the  loop ,  which  was c o n s t r u c t e d  of Type 304L SS 
ang le  and  p l a t e ,  i s  shown i n  F i g u r e  6 .  T h e  s t a i n l e s s  s teel  washers,   nuts  and 
b o l t s  u s e d  t o  mount the  var ious  loop  components  were s lo t t ed  t o  e l i m i n a t e  g a s  
t r a p s  and a i d  i n  o u t g a s s i n g  o f  t h e  s t r u c t u r e  d u r i n g  tes t  s t a r t u p .  
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-16 - 
V. TEST EQUIPMENT 
The  p r inc ipa l  items of  test equipment used i n  o p e r a t i n g  the 1,000-hour 
Sodium Thermal Convection Loop Tes t  inc luded  the  vacuum chamber, the heater 
power  and control system, and the pa r t i a l  p re s su re  gas  ana lyze r  sys t em.  
A .  Vacuum System 
The vacuum chamber, shown i n  F i g u r e  7, i s  of the b e l l  j a r  cons t ruc t ion  
fabricated by the Vacuum Products  Sect ion,  General  Electric Company. The 
chamber i s  the rma l ly  in su la t ed  wi th  a pol i shed  aluminum shroud. Electrical 
r e s i s t ance  hea t ing  e l emen t s  attached t o  the chamber wall permit continuous 
bakeout of the chamber t o  500°F.  The  chamber a l s o  has s u f f i c i e n t  water cool- 
i n g   c o i l s  welded t o  t h e  wall t o  remove approximately 25 KW of heat dur ing  test 
ope ra t ion .  
Three  molecu la r  s i eve  so rp t ion  pumps are used t o  e v a c u a t e  the chamber t o  
t h e  1-10 micron range before the i o n  pumps can be turned on.  The so rp t ion  
pumps are equipped wi th  a n  i n t e g r a l  l i q u i d  n i t rogen  sump which is  used t o  pre- 
c h i l l  the pumps be fo re  use .  P r i o r  t o  c h i l l i n g ,  t he  s o r p t i o n  pumps are baked 
out  t o  r e a c t i v a t e  them. Heating of the s o r p t i o n  pumps af ter  use  accelerates 
the release of  prev ious ly  pumped gases  from the m o l e c u l a r  s i e v e  t o  the atmos- 
phere and readies them f o r  t h e  next  pump-down cyc le .  A thermocouple gauge 
loca ted  on the s o r p t i o n  pump manifold i s  u s e d  t o  i n d i c a t e  the chamber p r e s s u r e  
du r ing  so rp t ion  pumping. After rough pumping the system t o  less than 10 microns,  
a b a k e a b l e  s t a i n l e s s  steel va lve  is  c losed  which i s o l a t e s  t he  so rp t ion  pumping 
manifold from the chamber proper .  
The h igh  vacuum pumping system c o n s i s t s  of a 1,000 liter per second 
t r iode - type  ge t t e r - ion  pump and i s  capable  of  opera t ing  in  t he  10 t o  l0-l' 
t o r r  r a n g e .  The t r iode- type  pumps have  super ior  pumping speed  fo r  the rare 
gases and do not exhibit the argon ins tab i l i ty  somet imes  observed  in  d iode- type  
i o n  pumped systems. The pumping speed characteristics of the t r i o d e  pump are 
given below.  The  pumping speeds  fo r  va r ious  gases  are r e l a t i v e  t o  a i r  taken  
as 100%. 
-3 
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Figure  7. High Vacuum System Torr  Range) Used t o  Test t he  Sodium 
Thermal  Convection Loop. The  Chamber i s  18 Inches i n  Diameter 
and 30 Inches  High  and  Incorporates a 1000 l / s ec   Ge t t e r - Ion  
Pump and 3 Adsorption Pumps. 
Hydrogen 200% Light  hydrocarbons 95-105% 
Ni t rogen  95% Water vapor 100% 
Oxygen 57% Helium 30% 
Carbon dioxide 100% Argon 30% 
The b e l l  j a r  s e c t i o n  o f  t h e  chamber i s  r a i s e d  and lowered by a motor d r iven  
screw j a c k .  A bakeable   g lass   v iewing   por t  i s  mounted  on t h e  b e l l  j a r .  The g l a s s  
f a c e  i s  made from o p t i c a l l y  f l a t  p l a t e  1 / 4 - i n c h  t h i c k  w h i c h  made it  p o s s i b l e  t o  
ob ta in  h igh  qua l i ty  co lo r  pho tographs  o f  t he  loop  du r ing  test  ope ra t ion .  
Twelve 2-3/4-inch OD in s t rumen ta t ion  pene t r a t ions  are located circumferen-  
t i a l l y  a round the  base  p la te .  These  inc lude  s i x  octal  tube thermocouple feed- 
throughs , two  1,000-ampere electrical  power  feedthroughs , and  an  argon  pres- 
s u r i z a t i o n  l i n e  f o r  t h e  l o o p .  A photograph  of  the  water-cooled, e lectr ical  power 
feedthrough i s  shown i n  F i g u r e  8. A l l  f l anges  are s e a l e d  w i t h  f l a t  OFHC copper 
gaske t s  and are capable  of  withstanding prolonged bakeouts  a t  800°F. 
* ** 
B .  Heater Power Supply 
The h e a t e r  power supply  cons is ted  of  a combined t e m p e r a t u r e  c o n t r o l l e r  
and s t e p l e s s  power regula tor   sys tem  wi th  a stepdown  current  transformer.   The 
system had a cont inuous power r a t i n g  o f  20 KW wi th  an  input  power o f  s ing le  phase  
440  vol t  AC. The combined temperature  control ler  and power regulator  include:  
1. A manual power adjustment 
2.   Automatic set p o i n t   c o n t r o l  
3. Current  l imiter c o n t r o l  
The system included a s i n g l e  pen, 1 /4  p e r c e n t ,  n u l l  b a l a n c e ,  s e r v o  o p e r a t e d  
record ing  poten t iometer  wi th  a GE Model 524 c o n t r o l l e r  (3-mode p ropor t iona l  
con t ro l ,  w i th  ra te  a c t i o n  and  au tomat i c  r e se t )  and an amplis ta t  plus  a s a t u r a b l e  
core r e a c t o r  and  current   t ransformer.   The  system  funct ioned  as   fol lows:  
* Varian Associates, Vacuum Products   Div is ion ,  Model  954-5015 
** Varian Associates, Vacuum Products  Div is ion ,  Dwg. NO. 608907 
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An i n p u t  s i g n a l  t o  t h e  r e c o r d e r  i s  obta ined  from t h e  h e a t e r  c o n t r o l  thermo- 
couple  and i s  measured  by t h e  r e c o r d e r .  T h i s  i n p u t  s i g n a l  i s  compared t o  a known 
vol tage developed across t h e  measurement  sl idewire.   The  sl idewire i s  p a r t  o f  a 
b r i d g e  c i r c u i t ,  t h e  o t h e r  p a r t  o f  w h i c h  i s  l o c a t e d  i n  t h e  3-mode c o n t r o l l e r .  T h e  
o u t p u t  o f  t h e  c o n t r o l l e r  i s  d i r e c t l y  p r o p o r t i o n a l  t o  the  unbalance  of  the  br idge  
c i r c u i t  and provides  a DC c o n t r o l  signal t o  a n  a m p l i s t a t .  T h e  c o n t r o l  s i g n a l  i s  
ampl i f i ed  by t h e  a m p l i s t a t  t o  a s u f f i c i e n t  l e v e l  t o  o p e r a t e  a s a t u r a b l e  reactor. 
The  ou tpu t  o f  t he  sa tu rab le  reactor i s  connected t o  a stepdown transformer rated a t  
5,000 amperes  continuous  duty.   The  high  current i s  fed  through the  vacuum chamber 
t o  t h e  l o o p  h e a t e r  by water-cooled 1,000-ampere feedthroughs. 
C .  P a r t i a l   P r e s s u r e  G a s  Analyzer 
A p a r t i a l  p r e s s u r e  g a s  a n a l y z e r  was used t o  m o n i t o r  t h e  c o n c e n t r a t i o n  o f  
a 
t h e  r e s i d u a l  g a s e s  i n  t h e  t es t  chamber .   The  analyzer   tubeb  of   the  par t ia l   pres-  
s u r e  a n a l y z e r  was of  glass-metal  construction. I t  cons is ted  of  a Nier-type, 
e l e c t r o n - m u l t i p l i e r  i o n  d e t e c t o r  e n t i r e l y  e n c l o s e d  i n  a g lass -meta l  envelope .  
The   ana lyzer   tube  was d e s i g n e d  t o  o p e r a t e  a t  t o t a l  p r e s s u r e  u p  t o  1 0  t o l r ,  w i t h  
t h e   c a p a b i l i t y  of d e t e c t i n g   p a r t i a l   p r e s s u r e s  of 1 0   t o r r .  A th ree-k i logauss  
Alnico permanent magnet w a s  mounted  on t h e  a n a l y z e r  t u b e  t o  a c h i e v e  i o n  beam 
d e f l e c t i o n ,  and w i t h  t h i s  t u b e  and magnet system, resolution of adjacent  peaks 
i n  t h e  2-50 AMU (atomic mass uni ts)  range could be achieved.  
-5  
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D.  Chamber P r e s s u r e  Measurement 
T h e  p r e s s u r e  i n  t h e  t es t  chamber was measured by means of anionizatinn 
gauge  which  contained two sepa ra t e   f i l amen t s ,   one  of bu rn -ou t   r e s i s t an t   t hos i a -  
coa ted  i r id ium and  one  of  tungsten.   The  gauge  and  associated power supplyd were 
capable of measuring pressure between 250 microns of mercury and 10-l' t o r r .  
C 
~ 
a 
bGeneral Electric Type ZS-8001 
General  Electric P a r t i a l  P r e s s u r e  A n a l y z e r  Model 514 
C General  Electric Min ia tu re  Ion iza t ion  Gauge,  Model No. 22GT 102 
dGeneral E lec t r ic  I o n i z a t i o n  Gauge Supply, Model No. 22GC100 
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V I .  SODIUM PURIFICATION AND FILLING OF THE IBOP 
.. " - 
The sodium t o  b e  u s e d  i n  t h e  f i l l i n g  o f  t h e  Sodium Thermal Convection 
Loop was i n i t i a l l y  p u r c h a s e d  as r e a c t o r  g r a d e  sodium metal t o  SPPS S p e c i f i c a t i o n  
No. 01-0031-00-B (SPPS-45-1). T h i s   s p e c i f i c a t i o n  i s  i n c l u d e d   i n   a n   e a r l i e r  
t op ica l  r epor t ' ' ) .  The  sodium w a s  subsequent ly  hot  t rapped  in  contac t  wi th  
z i rconium fo i l  in  the  1200°-13000F tempera ture  range  for  approximate ly  150 
hours .  The handl ing  opera t ions  involv ingthe  pur i fy ing  and f i l l i n g  of the loop 
included:  sampling and a n a l y z i n g  t h e  sodium t o  be  p u r i f i e d ;  f i l l i n g  t h e  h o t  
t r a p  and ana lyz ing  the  pu r i f i ed  p roduc t ;  and f i l l i n g  t h e  l o o p  and ana lyz ing  
t h e  f i l l  sodium. A s chemat i c  d i ag ram o f  the  f i l l i ng  and  sampling  system i s  
shown i n  F i g u r e  9. The  sodium used t o  f i l l  t h e  l o o p  s y s t e m  (112 grams) 
contained less than  20 ppm oxygen f o l l o w i n g  t h e  h o t  t r a p  p u r i f i c a t i o n  t r e a t m e n t .  
A de t a i l ed  desc r ip t ion  o f  t he  ho t  t r app ing  p rocedure ,  t he  sodium t r ans fe r  sys t em 
( h o t  t r a p  t o  loop), t he  sampl ing  p rocedures  and  the  comple t e  ana ly t i ca l  
resul ts  a r e  g i v e n  i n  a t op ica l  r epor t (2 )  desc r ib ing  th i s  phase  o f  t he  Po ta s s ium 
Corrosion Test Loop Development  Program.  The  vacuum-inert  gas  amalgamation 
ana ly t ica l  p rocedure  used  to  de te rmine  the  oxygen concent ra t ion  of  the  sodium 
which was used t o   f i l l   t h e  Sodium Thermal Convection Loop i s  a l s o  d e s c r i b e d  
i n  d e t a i l  i n  an e a r l i e r   t o p i c a l   r e p o r t   o f   t h e  program . (1) 
(2) Dotson, L. E. and  Hand, R .  B. ,  Potassium Corrosion Test Loop Development 
Topical  Report  No. 4: Pur i f ica t ion  Analys is  and  Handl ing  of  Sodium  and 
Potassium, R66SD3012, June  13, 1966. 
~ 
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Figure 9. Sodium  Thermal  Convection Loop Purification and Fill System. 
m.1.1 
V I 1  . IM)P INSTALLATION AND INSTRUMENTATION 
A .  I n s t a l l a t i o n  
Upon completion of the l o o p  f i l l i n g  o p e r a t i o n ,  t h e  l o o p  was i n s t a l l e d  
i n  a suppor t  s t ruc tu re  cons t ruc t ed  o f  Type  304 SS which was welded t o  t h e  b a s e  
p l a t e  of t h e  vacuum chamber .  The  suppor t  s t ruc tu re ,  p rev ious ly  i l l u s t r a t ed  in  
F igure  6, had been careful ly  pol ished t o  remove a l l  g r i t  or d i r t  t o  achieve  a 
low ou tgass ing  su r face .  A l l  n u t s  u s e d  i n  a s s e m b l i n g  t h e  s u p p o r t  s t r u c t u r e  
were s l o t t e d  w i t h  a 0.031-inch wide by 0.062-inch deep axial  s a w  c u t  and each 
washer was c u t  r a d i a l l y  t o  e l i m i n a t e  p o s s i b l e  g a s  t r a p s  a n d  t h e r e b y  r e d u c e  t h e  
time r e q u i r e d  f o r  e f f e c t i v e  o u t g a s s i n g .  
The loop i t s e l f  w a s  p r imar i ly  suppor ted  by t h e  h e a t e r  electrodes which 
were b o l t e d  t o  2-inch wide x 0.25-inch thick OFHC copper bus bars which were 
fas tened  t o  the  suppor t  s t ruc tu re .  The  bus  ba r s  were e l e c t r i c a l l y  i n s u l a t e d  
from t h e  s u p p o r t  s t r u c t u r e  by 99.7% a lumina  in su la to r s .  An add i t iona l  suppor t  
was p laced  unde r  the  su rge  t ank  t o  reduce  the  weight  load  of t h e  c o l d  l e g  on 
the  e l ec t rodes .  The  loop  and  suppor t  s t ruc tu re  are shown mounted i n  t h e  t es t  
chamber i n  F i g u r e  10. An o v e r a l l  view of t h e  t es t  f a c i l i t y  is  shown i n  
F i g u r e  11. 
A 3/8-inch OD Type 304 SS t u b e  was welded t o  t h e  s t a i n l e s s  steel  Hoke * 
v a l v e  u s i n g  t h e  i n e r t  g a s  t u n g s t e n  arc process,   and  run  out  through  an a l l  
welded, s t a i n l e s s  steel  vacuum feedthrough t o  a 99.9% h igh  pu r i ty  a rgon  gas  
supply.  The  argon  gas  supply  analyzed as fol lows:  
** 
A r  - 99.99,7% CO - 1 ppm 
0 2  - 5 PPm C02 - 1 ppm 
N2 - 5 PPm H2 - 0.25 ppm 
CH4 - 2 ppm H 2 0  - 4.5 ppm 
-~ 
* Model THY 442,  Hoke, Inc . ,   C res sk i l l ,  N. J. 
** Vendor Analysis  - Matheson Company, I n c .  
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Figure 10. Sodium  Thermal   Convect ion Loop Following Mounting of t h e  Loop 
a n d  t h e  S u p p o r t  S t r u c t u r e  i n  t h e  T e s t  Chamber. 
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The external argon gas supply system was of a l l  welded s t a i n l e s s  steel  
construct ion with bel lows-sealed valves  and a metal diaphragm pressure 
r e g u l a t o r  . The argon system w a s  used t o  p r e s s u r i z e  t h e  sodium and thereby 
p r e v e n t  b o i l i n g  i n  t h e  h e a t e r  c o i l s  d u r i n g  l o o p  o p e r a t i o n .  T h e  ent i re  system\ 
was hel ium leak checked af ter  assembly and a l l  components were baked out a t  
300°F under vacuum. A schematic  of  the argon gas  supply sys tem was pneaiously 
shown i n  F igu re  9. 
* 
B. Thermal   Insu la t ion  
Dimpled f o i l  made from 0.002-inch t h i c k  by 0.5-inch wide Cb-1Zr s t r i p  
was s e l e c t e d  as t h e  r e f l e c t i v e  i n s u l a t i n g  material f o r  t h e  Sodium Thermal 
Convection Loop. This  approach w a s  chosen  for  the  fo l lowing  reasons :  
1. The  narrow s t r i p  c o u l d  easily be wrapped  around  components  of odd 
shapes and sizes, e.g., h e a t e r  c o i l s ,  t o  g i v e  a n y  d e s i r e d  number of layers  of 
i n s u l a t i o n .  
2.  The  dimpled f o i l  w i t h  i t s  se l f - spac ing  f ea tu re  and  minimum thermal  
conduct ive  pa th  (poin t  contac t  be tween success ive  layers )  y ie lded  an  insu la t ion  
assembly of minimum mass and  sur face  area which, i n  t u r n ,  would reduce out-  
gas s ing  loads  and  r ad ia t ion  lo s ses .  
The  d impl ing  o f  t he  fo i l  w a s  accomplished by p a s s i n g  t h e  f o i l  t h r o u g h  t h e  
manua l ly  ope ra t ed  ro l l s  shown in  F igure  12 .  The  Cb-1Zr f o i l  and a shee t  of  
p l a s t i c i z e d   p o l y v i n y l c h l o r i d e  were passed  through the  r o l l s   t o g e t h e r .  The 
hardened steel, c o a r s e  k n u r l e r  r o l l e r  embossed t h e  f o i l  w i t h  t h e  i n d e n t a t i o n s  
which spaced the successive layers  of f o i l  d u r i n g  s u b s e q u e n t  a p p l i c a t i o n  on t h e  
loop  components. A s  t h e  f o i l  was removed  from t h e  r o l l s ,  i t  w a s  thoroughly 
c l e a n e d  w i t h  e t h y l  a l c o h o l .  D i m p l i n g  t h e  f o i l  i n c r e a s e d  i t s  th i ckness  from 
0.002 inch t o  approximately 0.010 inch. 
** 
* Thermco Company, LaPorte,   Indiana,  0-400 ps ig .  
I ** Kayflex L-10; Source: S&C Mfg. Company, Cinc inna t i ,   Ohio  
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The locat ion and number o f  l a y e r s  of f o i l  used t o  i n s u l a t e  t h e  l o o p  are 
i l l u s t r a t e d  i n  F igu re  13. The number o f  l a y e r s  o f  f o i l  s e l e c t e d  was determined 
by a c o n s i d e r a t i o n  of the a l lowab le  heat loss. F o r  t h e  heater c o i l s ,  it was 
necessa ry  t o  cons ide r  bo th  the  a l lowab le  hea t  l o s s  and  the  a l lowab le  dec rease  
i n  electrical  r e s i s t i v i t y .  The l a y e r s  o f  f o i l  on t h e  h e a t e r  c o i l s  p r o v i d e  
a d d i t i o n a l  c u r r e n t  f l o w  p a t h s ,  b u t  t h i s  i s  not  enough to s i g n i f i c a n t l y  l o w e r  
t h e  resistance b e c a u s e  o f  t h e  r e l a t i v e l y  h i g h  r e s i s t a n c e  o f  t h e  p o i n t  c o n t a c t  
p a t h  t h r o u g h  t h e  l a y e r s  o f  f o i l .  
The f o i l  w a s  app l i ed  t o  t h e  t u b i n g  by con t inuous ly  wrapp ing  the  s t r ip  on 
t h e  t u b e  i n  a s p i r a l  manner with approximately 10% (0.050-inch) overlap.  The 
f o i l  w a s  f i x e d  t o  t h e  t u b e  and t o   i t s e l f  by spot welds made under a flowing 
argon atmosphere to  prevent  a tmospheric  contaminat ion on t h e  r e f r a c t o r y  a l l o y .  
Great care was t a k e n  i n  a p p l y i n g  t h e  f o i l  o v e r  t h e r m o c o u p l e s  a t t a c h e d  d i r e c t l y  
t o  t h e  t u b e  walls t o  minimize  the  poss ib i l i ty  of  fo i l - to - thermocouple  w i r e  
con tac t  du r ing  test which  might r e s u l t  from s l i g h t  movement o f  e i t h e r  material. 
The approach used i s  f u r t h e r  d e s c r i b e d  i n  t h e  s e c t i o n  below covering the thermo- 
coup le  in s t a l l a t ion  p rocedures  used .  
C. I n s t rumen ta t ion  
The temperature of t h e  l o o p  w a s  measured by s i x t e e n  W-3%Re/W-25%Re 
thermocouples.  Tungsten-3%  rhenium/tungsten-25%  rhenium was s e l e c t e d  as t h e  
bas i c  the rmocoup le  a l loy  combina t ion  fo r  i n s t rumen t ing  a l l  a lka l i  metal loops 
i n  t he  Potassium Corrosion Test Loop Program. The selection w a s  based on i t s  
c o m p a t i b i l i t y  w i t h  t h e  tes t  loop al loy (Cb-lZr) ,  i t s  high and f a i r l y  l i n e a r  
thermal  emf and i t s  r e p o r t e d  e x c e l l e n t  s t a b i l i t y  o v e r  e x t e n d e d  p e r i o d s  o f  time 
i n  vacuum a t  e leva ted   t empera tures  . (3) 
The tungsten-3% rhenium leg was selected i n  p r e f e r e n c e  t o  t h e  p u r e  t u n g -  
s t e n  leg because of  i t s  supe r io r  hand l ing  p rope r t i e s ,  i . e . ,  less breakage 
d u r i n g  i n s t a l l a t i o n  and  opera t ion .  Even wi th  the  inc reased  duc t i l i t y  o f  t he  
W-3% wire over  unal loyed tungsten w i r e ,  f r a c t u r e s  o f  the W-3% R e  leg of thermo- 
couples ,  par t icu lar ly  near  the  brazed  jo in t  be tween the  thermocouple  w i r e  and 
(3) Hendricks,  J.  W.  and  McElroy, D.  L., High Temperature High Vacuum 
Thermocouple  Drif t  Tests ,  ORNGTM-833, August 1964. 
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Bimetallic J o i n t  
Valve and Argon Supply- 
Material: Cb-1Zr 
A l k a l i  Metal - Sodium 
Flow Rate - 16 pounds per hour 
Argon 
Surge Tank *& (190 psia)  1 
4, Sodium 
t 
Elect 
c Cb-iZr Tube 
- 1750'F 
> These areas i n s u l a t e d  
with Cb-1Zr Foil 
6 layers 
Figure  13.   Design of t h e  Cb-1Zr Sodium Thermal  Convection Loop Showing 
the Locat ion and Number of Layers of Dimpled Cb-1Zr F o i l  Used 
to  Insu la t e  t he  Var ious  Reg ions  of t h e  Loop. Nominal  Calcu- 
la ted Temperatures  of Several  Regions of t h e  Loop are, Also 
Ind ica t ed .  
-30- 
t h e  n i c k e l  vacuum feedthrough tube, were one  of  the  ch ief  sources  of  thermo-  
c o u p l e  d i f f i c u l t i e s .  
Although var ious tungsten-rhenium al loy combinat ions have been used for  a 
number of  years ,  a n a t i o n a l  s t a n d a r d  h a s  n o t  as yet  been adopted.  Matched 
tungsten-rhenium thermocouple wire of  var ious al loy combinat ions,  however ,  can 
be purchased with a spec i f i ed  accu racy  t o  t e n t a t i v e  c a l i b r a t i o n  tables adopted 
by the  thermocouple  wire supp l i e r s .  The  po l i cy  adop ted  fo r  t h i s  p rogram i s  t o  
purchase w i r e  t o  a chemical or material spec i f i ca t ion  and  conduc t  ca l ib ra t ion  
tests a t  General Electric on the thermocouple  wire i n  accordance with the over-  
a l l  q u a l i t y  c o n t r o l  p l a n .  T h e  W-3yLRe wire w a s  purchased from the Lamp Metals 
Components Department o f  t he  Genera l  Electric Company and t h e  W-25ybRe w i r e  w a s  
purchased from Hoskins Manufacturing Company. A l l  thermocouple wire used i n  a 
s p e c i f i c  l o o p  tes t  i s  supplied from one matched lot  with i t s  own c a l i b r a t i o n .  
The r e s u l t s  o f  t h e  ca l ib ra t ion  o f  t he  the rmocoup le  wire used t o  i n s t r u m e n t  
the  loop  are shown in  F igu re  14 .  The  ca l ib ra t ion  test w a s  o r i g i n a l l y  r u n  i n  
an argon atmosphere a t  5 p s i g  u s i n g  a certif ied platinum/platinum-10% rhodium 
thermocouple as the   ca l ib ra t ion   s t anda rd .   (Subsequen t   t he rmocoup le   ca l ib ra t ions  
f o r  o t h e r  l o o p  tests of  th i s  program were performed i n  a high vacuum thermo- 
couple t e s t  f a c i l i t y . )  
The locat ion of  the loop thermocouples  and a typ ica l  t he rmocoup le  c i r cu i t  
are shown i n  F i g u r e  1 5 .  S t a r t i n g  a t  the  hot  junc t ion  of  the  thermocouple ,  the  
wires were routed  a long  the  suppor t  s t ruc ture  through a thermocouple vacuum 
feed th rough  to  a 150°F cons tan t  tempera ture  re ference  junc t ion .  A t  t he  r e f e r -  
ence  junc t ion  a t r a n s i t i o n  from t h e  W-Re thermocouple wire t o  copper lead w i r e  
was made which connected t o  t h e  2 4 - p o i n t  r e c o r d i n g  p o t e n t i o m e t e r .  
The thermocouple wires i n s i d e  t h e  chamber were e lec t r ica l ly  in su la t ed  wi th  
high puri ty ,  99.7% two h o l e  a l u m i n a  i n s u l a t o r s  t o  t h e  p o i n t  o f  c o n t a c t  w i t h  t h e  
Cb-1Zr  tubing.   Beryl l ium  oxide  insulators   (99.5%) were used  i n  c o n t a c t  w i t h  t h e  
regions of  the loop designed t o  o p e r a t e  a t  temperatures  in  excess  of  2000OF. 
T h e  i n s u l a t o r s  are supported a t  f r e q u e n t  i n t e r v a l s  by small s t r a p s  o f  C b - 1 Z r  
f o i l  s p o t  welded t o  t h e  s u p p o r t  s t r u c t u r e .  A f o i l  s t r a p  n e a r  t h e  j u n c t i o n  i s  
r e q u i r e d  t o  remove a l l  p o s s i b l e  s t r a i n  on t h e  s p o t  welded j u n c t i o n .  
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! 
Temperature OF 
Figure 14. Thermal emf of W-3%Re/W-25%Re Wire Used to 
Instrument the Sodium Thermal Convection Loop. 
I 
-32 - 
I
 
i& I" 
T
U
N
G
ST
E
N
, 2
5
9
. R
HE
NI
UM
 
G
O
PP
E
R
 
,
.
 
I 
I 
I -
AL
LT
H
ER
M
O
CO
UP
LE
S 
W
IL
L 
BE
 A
TT
A
C
H
E
D
 
PE
R
 
SP
PS
 -%
-3
 
S
P
E
C
IF
IC
A
T
IW
. 
FO
R 
T
E
M
P
E
R
A
T
U
R
E
 
M
E
A
S
U
R
E
M
E
N
T
 
A
S 
A
PP
L
IE
D
T
JR
E
~T
K
A
C
T
O
R
Y
- 
IN 
A
 
V
A
C
U
U
M
.'
E
N
V
IR
O
N
M
E
N
T
 
A
LL
O
Y
 L
IQ
U
ID
 M
E
T
A
L
 
C
O
R
R
O
SI
O
N
 
L
O
O
P 
O
FE
R
A
T
IN
G
- 
. 
F
ig
u
re
 1
5.
 
T
h
er
m
o
co
u
p
le
  C
ir
cu
it
 
an
d 
L
o
ca
ti
o
n
 o
f 
W
-3
%
R
e/
W
-2
5%
R
e 
T
h
er
m
o
co
u
p
le
s 
on
 t
h
e
 S
od
iu
m
 C
o
n
v
ec
ti
o
n
 L
oo
p.
 I-
 
A typ ica l  sp l i t  spo t -we lded  the rmocoup le  junc t ion  i s  shown i n  F i g u r e  16.  
Each wire i s  l a i d  p a r a l l e l  t o  t h e  o t h e r  a p p r o x i m a t e l y  0.10 i n c h  a p a r t .  Two 
consecut ive spot  welds  are a p p l i e d  t o  each wire so t h a t  i n  t h e  e v e n t  t h e  f i r s t  s p o t  
weld breaks away from the  su r face  wi thou t  b reakage  o f  t h e  wire, the thermocouple  
w i l l  cont inue  t o  func t ion .  The  ac t ive  spo t  weld connect ion nearest  t o  t h e  measur- 
i ng  in s t rumen t  w i l l  a l w a y s  b e  t h e  a c t u a l  h o t  j u n c t i o n .  A small the rma l  sh i e ld  i s  
f ixed  a round  the  junc t ion  t o  r e d u c e  h e a t  r a d i a t i o n  losses from t h e  j u n c t i o n  and t o  
prevent thermocouple w i r e  s h o r t s  when f o i l  i n s u l a t i o n  i s  wrapped on t h e  t u b e .  
The thermocouple vacuum feedthrough with eight  thermocouple  wires and a 
schematic  showing  one  pair   of wires i s  shown i n  F i g u r e  17. The  feedthrough 
assembly i s  completely  bakeable t o  500°F  and  has a f l a t   c o p p e r   g a s k e t  seal .  The 
W-3Y&e and W-25YiFLe wires were brazed in to  the  0 .050- inch  d i ame te r  n i cke l  t ubes  
with Premabraze 615 (61.5Ag-24Cu-14.5111) in  an argon atmosphere using a local 
e lectr ical  r e s i s t ance  hea t  sou rce .  S ing le  ho le  a lumina  ceramic i n s u l a t o r s  were 
used t o  e l e c t r i c a l l y  i n s u l a t e  t h e  t h e r m o c o u p l e  wire from t h e  n i c k e l  t u b e  e x c e p t  f o r  
t he  b razed  junc t ion  as shown i n  F i g u r e  1 7 ,  s i n c e  t h e  t h e r m a l  g r a d i e n t  i n  t h e  n i c k e l  
t u b e  would r e s u l t  i n  s p u r i o u s  t h e r m a l  e m f ' s  i f  m u l t i p l e  e lectr ical  j u n c t i o n s  
were formed. 
* 
* Varian Associates, Model 954-0055, Pa lo  Al to ,  Ca l i fo rn ia  
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! Figure 16. Method  Used  to  Install  W-3%Re/W-Z5%Re  Thermocouple  Wires on 
Cb-1Zr Alloy Tubing. 
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A i r  
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U Ci2iB-17 
Figure 17. Method Used to Install W-3%Re/W-25%Re Thermocouple  Wire  in  High 
Vacuum Feedthrough Flanges. 
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VIII. TEST  OPERATION 
The i n s t a l l a t i o n  and in s t rumen ta t ion  of t he  Sodium Thermal Convection Loop 
i n  the 18-inch diameter vacuum chamber w a s  completed on January 23, 1964.  The 
b e l l  j a r  was then lowered  and  bol ted  to  the sump f l ange  and rough pumped by 
l i q u i d  n i t r o g e n - c h i l l e d  s o r p t i o n  pumps t o  less than  10 microns. The roughing 
pump was then  va lved  of f  f rom the  test chamber by an u l t r a h i g h  vacuum bakeable 
va lve  and the ge t t e r - ion  pump was turned on. When the  p re s su re  r eached  1 x 
t o r r ,  the p a r t i a l  p r e s s u r e  g a s  a n a l y z e r  was used t o  perform a helium leak check 
of a l l  f l anges ,  po r t s ,  and feedthroughs.  N o  leaks were found and the  sys tem 
was then  baked out  a t  200° t o  300°F fo r  72  hour s .  The  chamber p re s su re  after 
bakeout was 6.6 x t o r r .  
A low power run  was s t a r t e d  on January 28, 1964 t o  o u t g a s  the loop compo- 
nen t s  and t h e  Cb-1Zr f o i l  t h e r m a l  i n s u l a t i o n  w h i c h  was probably the major 
source of  outgassing i n  t h e  chamber because of i ts  l a r g e  s u r f a c e  area and i t s  
mul t i layer  cons t ruc t ion .  Dur ing  the low  power runs,  the loop temperature  was 
c a r e f u l l y   i n c r e a s e d  so tha t  t h e   p r e s s u r e  would not exceed 1.0 x t o r r .  A 
t y p i c a l  i n c r e a s e  o f  l O O O F  i n  t he  loop temperature  would i n c r e a s e  the p res su re  
by a f u l l  d e c a d e  and r e q u i r e  s e v e r a l  h o u r s  t o  r e t u r n  t o  t h e  o r i g i n a l  base 
p res su re .  
A complete check of the loop thermocouples at 1400OF showed that 5 of the 
16 loop thermocouples were l o s t  d u r i n g  the bakeout and the low power run. The 
tes t  was stopped and an examination of the  thermocouples showed that the major 
t y p e  o f  f a i l u r e  was open W-3%Re wires. T h i s  l o t  o f  W-3%Re wire had exh ib i t ed  
low r e v e r s e  bend d u c t i l i t y  and  r equ i r ed  ex t r eme ly  ca re fu l  hand l ing  in  in s t ru -  
menting the loop. The combination of thermal cyc l ing  and s l i g h t  l o o p  v i b r a t i o n s  
(due t o  60 cyc le  AC power) was a p p a r e n t l y  s u f f i c i e n t  t o  f r a c t u r e  the leads ,  
e s p e c i a l l y  a t  the b r a z e  j o i n t  i n  t he  n i c k e l  t u b u l a t i o n  o f  the vacuum feedthrough. 
The loop thermocouples were rep laced  with grades of W-37ae and W-25%Fte wire 
which had more s a t i s f a c t o r y  h a n d l i n g  p r o p e r t i e s ,  and low power t e s t i n g  was 
resum,e.d on February  10,  1964.  These.  replacement.  hermocoup2e .wires w e r e  . 
Cal ib ra t ed  in  argond During the  OW p o v e r ' : r u n ,  e r r a t i c  f l u c t u a t i o n s  . f n  
. the ion pump cu r ren t  were observed and':the #low power : t e s t i n g  was stopped. 
The erratic pumping behavior  of t h e  g e t t e r - i o n  pump cont inued  wi th  the  loop  a t  
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room temperature.  An e lectr ical  check of t h e  power supply showed t h a t  a 
d e f e c t i v e  r e s i s t o r  and r e l a y  were re spons ib l e  fo r  t he  ma l func t ion  and  a replace-  
m e n t  power supply w a s  i n s t a l l e d .  Low power t e s t i n g  was aga in  resumed on 
February 20, 1964 bu t  h igh  ion  pump c u r r e n t  r e q u i r e d  t h a t  t h e  t e s t i n g  a g a i n  b e  
s topped and the loop w a s  r e t u r n e d  t o  room temperature .  The high ion pump 
c u r r e n t  r e s u l t e d  from t h e  electrical  s h o r t i n g  o f  t w o  o f  t h e  f i v e  pump cells by 
metallic whiskers formed d u r i n g  t h e  test .  A l l  a t t empt s  t o  melt or v a p o r i z e  t h e  
whiskers  by high e lectr ical  c u r r e n t  r e s i s t a n c e  h e a t i n g  were on ly  t empora r i ly  
s u c c e s s f u l  a n d  a f t e r  a few h o u r s  o f  o p e r a t i o n ,  t h e  o r i g i n a l  h i g h  c u r r e n t  
cond i t ion  would re turn .  The  two d e f e c t i v e  g e t t e r - i o n  pump cel ls  were d i s -  
connected from t h e  power supply and the test  w a s  resumed us ing  the  three  
remaining pump cel ls .  
A l though  the  ove ra l l  pumping speed of the  system had been considerably 
reduced, a p res su re  o f  4 x 10 torr  was r e a c h e d  a f t e r  a 43-hour  bakeout a t  
200" t o  300°F.  Power t o  t h e  l o o p  was s t e a d i l y  i n c r e a s e d  d u r i n g  a 4-hour period 
and on February 24, 1964 a maximum loop operat ing temperature  of  2380°F was 
-7 
achieved. The test  was con t inued  un in te r rup ted  fo r  509 hours  and was shu t  down 
on  March  16,  1964 f o r  a mid-test  inspection and replacement of the loop thermo- 
couple feedthroughs with a modified design t o  e l i m i n a t e  s p u r i o u s  e m f ' s  
generated by mul t ip le  junc t ions  be tween the  thermocouple  wire and t h e  n i c k e l  
t u b u l a t i o n .  
The thermocouple replacement was completed on  March  20,  1964  and a f t e r  a n  
18-hour bakeout, the loop was r e t u r n e d  t o  f u l l  power a t  a maximum temperature  
of 2260'F. The tes t  was cont inued  unin ter rupted  to  Apr i l  10 ,  1964 f o r  a t o t a l  
accumulated tes t  time of 1,000 hours.  
The  comple te  chronologica l  h i s tory  of  the  opera t ion  of  the  Sodium Thermal 
Convection Loop is  p resen ted  in  Tab le  111. The tempera ture  condi t ions  dur ing  
t h e  two pe r iods  o f  l oop  ope ra t ion  and  bo th  the  ion  gauge  and  pa r t i a l  p re s su re  
measurements of the test chamber vacuum environment are d i s c u s s e d  i n  more 
d e t a i l  i n  t h e  f o l l o w i n g  s e c t i o n s .  
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TABLE 111 
OPERATION  HISTORY  OF  THE SODIUM THERMAL  CONVECTION W P  
January  6, 1964 
January 8, 1964 
January 9,  1964 
January 10, 1964 
January  23,  1964 
January 24,  1964 
January 24,  1964 
January 27,  1964 
January  27,  1964 
January  28,  1964 
January 29, 1964 
January 30, 1964 
February 8, 1964 
February 8, 1964 
February 10, 1964 
February 10, 1964 
February 11, 1964 
February 20,  1964 
February 20, 1964 
February 22,  1964 
February 24, 1964 
February 24, 1964 
Loop assembly completed 
Loop f i l l ed  wi th  112  g rams  of sodium 
Loop i n s t a l l e d  i n  t h e  vacuum chamber 
S t a r t e d  i n s t r u m e n t a t i o n  a n d  i n s u l a t i o n  o f  loop 
Completed loop instrumentat ion 
S t a r t e d  pumpdown of vacuum chamber 
S tar ted  bakeout  of  vacuum chamber 
Bakeout off  
Chamber p re s su re   6 .6  x 10 torr w i t h  t h e  chamber  and -8 
loop  a t  room tempera ture  
S t a r t  of l o w  power run to  degas  loop  - maximum loop 
temperature 1400°F 
Thermocouple  readings  e r ra t ic ;  tu rned  of f  power t o  loop 
Vacuum chamber r e l eased  t o  a i r  and s t a r t e d  r e p a i r  o f  
thermocouples 
Thermocouple  repairs  completed and s tar ted pumpdown 
of chamber 
Started  bakeout  of  chamber 
Tank pressure   3 .6  x 10 t o r r  w i t h  t h e  chamber  and -7 
t h e  l o o p  a t  200°-3000F 
S t a r t  o f  low power run t o  d e g a s  l o o p  - loop  tempera ture  
t o  1400°F 
Ion pump stopped - power s u p p l y  d e f e c t i v e  r e q u i r i n g  
loop shutdown - power o f f  
N e w  i on  pump power s u p p l y  i n s t a l l e d  - bakeable  valve 
t o  roughing system repaired 
S t a r t e d  pumpdown of chamber - i on  pump performance 
e r ra t ic  - c i r c u i t  c h e c k i n g  i n i t i a t e d  
Ion pump p r o t e c t i o n  c i r c u i t  bypassed t o  p e r m i t  
ope ra t ion  - 2 o f  5 pump cel ls  are d e f e c t i v e  
and  bypassed - chamber  bakeout r e s t a r t e d  
Tank p r e s s u r e  4 x torr w i t h   t h e  chamber  and  loop 
a t  200°-3000F - began  increas ing  power t o  loop  
F u l l  power t o  loop - maximum temperature 2380°F - 
chamber p re s su re   4 .2  x torr 
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March 16, 1964 
March 20,  1964 
March  20,  1964 
March 21, 1964 
Apr i l   10 ,  1964 
A p r i l  10, 1964 
TABLE I11 
(cont inued)  
Completed  509  hours o f  l oop  ope ra t ion ;  shu t  down f o r  
mid- tes t  inspec t ion ,  repa i r  o f  thermocouples ,  and  
removal o f  p a r t i a l  p r e s s u r e  a n a l y z e r  t u b e  
Chamber sealed and pumpdown i n i t i a t e d  
Bakeout of chamber s t a r t e d  
F u l l  power t o  loop - maximum temperature  2260'F 
Test completed 1,000 hours  of o p e r a t i o n  
Vacuum tank opened for l oop  in spec t ion  and tes t  
disassembly 
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A .  T e s t  Condi t ions 
The loop operat ion was d i v i d e d  i n t o  two test per iods .  Dur ing  the  
f i r s t  p e r i o d ,  0 t o  509 hour s ,  t he  power inpu t  and loop temperatures were 
s l i g h t l y  h i g h e r  t h a n  d u r i n g  t h e  s e c o n d  p e r i o d ,  509 t o  1,000 hours. The test 
was shut  down a f t e r  a nominal 500 h o u r s  o f  o p e r a t i o n  t o  r e p a i r  o r  r e p l a c e  
de fec t ive  the rmocoup les  and  to  remove t h e  p a r t i a l  p r e s s u r e  a n a l y z e r  t u b e  from 
t h e  chamber t o  p r e p a r e  it fo r  u se  wi th  the  second  loop  test of  this  program. 
Loop temperature,  power input  and ca l cu la t ed  mass flow of sodium for the 
f i r s t  p e r i o d  of loop  opera t ion  are l i s t e d  i n  F i g u r e  18. The maximum loop 
temperature  w a s  2380°F d u r i n g  t h i s  p e r i o d .  P r i o r  t o  i s s t e r t f n g . f h e  l o o p  test 
fo r  t he  second  500-hour test per iod,  a recommendation w a s  made t o  and approved 
by t h e  NASA Technical  Manager t o  r educe  t h e  maximum loop tempera ture  to  approxi -  
mate ly  2250OF. The loop  cond i t ions  du r ing  the  509 t o  1,000-hour test per iod 
a re  g iven  in  F igu re  19 .  As may be noted in  both Figure 18 and  19, t h e  tempera- 
t u r e  rise i n  t h e  l o w e r  h e a t e r  c o i l  i s  s u b s t a n t i a l l y  h i g h e r  t h a n  i n  t h e  u p p e r  
c o i l .  T h i s  i s  a t t r i b u t e d  t o  a number o f  f ac to r s ,  i nc lud ing  the  h ighe r  cu r ren t  
flow in  the  lower  t empera tu re  co i l  because  o f  i t s  l o w e r  e l e c t r i c a l  r e s i s t a n c e ,  
and the  h ighe r  r ad ia t ion  hea t  l o s ses  in  the  uppe r  co i l  because  o f  i t s  h igher  
average  temperature.  A s  p rev ious ly  ind ica t ed  in  Tab le  I ,  t h e  sodium  tempera- 
t u r e  rise i n  t h e  h e a t e r  o f  t h e  sodium c i r c u i t  o f  t h e  P r o t o t y p e  C o r r o s i o n  Loop 
s h a l l  be only 150°F (1950O t o  2100OF) and t h e  f l o w  v e l o c i t y  i n  the pumped 
sys tem s h a l l  be qui te  high (approximately 16 fps)  compared wi th  the  v e r y  low 
ve loc i ty  (approximate ly  0.2 f p s )  of the thermal  convect ion loop descr ibed 
i n  t h i s  r e p o r t .  
One of  the purposes  of  this  experiment  was to  de t e rmine  the  amount  of I R 2 
and conduct ion heat ing of  the Cb-1Zr  e l ec t rodes .  The tempera ture  grad ien t  a long  
t h e  t o p  h e a t e r  e l e c t r o d e  is i nd ica t ed  i n  Figure 20. Th i s  e l ec t rode  ope ra t ed  a t  
a higher  temperature  than the other  e lectrodes and w a s  m o n i t o r e d  f o r  t h i s  
reason .  Al though no  opera t iona l  d i f f icu l t ies  were encountered because of the 
r e l a t i v e l y  h i g h  Cb-1Zr e lec t rode  tempera ture  ad jacent  to  the  copper  bus bar ,  
t he  des ign  o f  t he  e l ec t rodes  fo r  t he  subsequen t  l oop  tests of t h e  program was 
modified to  both  minimize  hea t  loss  from t h e  sodium n e a r  t h e  e l e c t r o d e s  and t o  
decrease  the  thermal  conduct ion  from t h e  a c t i v e  p o r t i o n  o f  t h e  h e a t e r  t o  t h e  
e l ec t rodes .  
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Bimetallic J o i n t  
Material: Cb-lZr 
A l k a l i  Metal - Sodium 655'F 1 
Flow Rate - 11 pounds per hour 
Tube - 0.375-Inch OD x 0.065-Inch Wall 4L* (180 PSI) Argon 
Surge Tank 
2075'F I-& Sodium 
- 1720'F 
c Cb-1Zr Tube 
> These areas i n s u l a t e d  
wi th  Cb-1Zr F o i l  
6 l a y e r s  
Lm7J ,... 4 l a y e r s  
C1218-18 
Figure  18. Temperatures of the Sodium  Thermal Convection Loop During  the 0-to-509 
Hour Test Period.  
-42 - 
Bimetallic Joint 
Valve and  Argon Supply 
Material: Cb-1Zr 
Alkali Metal - Sodium 
Flow Rate - 11 pounds per hour 
Tube - 0.375-Inch OD x 0.065-Inch Wall Argon 
Surge Tank (180 PSI) 
F 
1.10 KW 
537 Amps 
60 cps 
1985'F 
Electrodes 
k b  2260'F 
* 
Ground 
;x dium 810°F ... - 1650'~ + Cb-1Zr  Tube - 1520'F 
> These areas insulated 
with Cb-1Zr Foi l  
6 layers 
1-d , .'..'. 4 layers 
ClZ18-19 
Figure 19. Temperatures of the Sodium  Thermal  Convection Loop During the 509-to 
1000-Hour Test Period. 
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The  most  significant  test  conditions  during  the  two  periods  of  test 
operation  are  listed in Table IV. As may  be  noted  in  this  table, a significant 
portion of the  electrical  power  input to the  copper  bus  bars  is  lost  by  radiation 
from  heater  components to the  chamber  walls  and  by  conduction  from  the  Cb-1Zr 
heater  electrodes  to  the  copper  bus  bars. 
B. Test  Chamber  Environment 
Continuous  monitoring of the  total  pressure  is  the  minimum  requirement 
to  assure  that  hot  refractory  alloy  test  components ar  not  contaminated  by 
the  test  chamber  environment.  In  addition  to  monitoring  the  total  pressure,  it 
is  desirable  to  determine  the  concentration  of  the  residual  gas  species  during 
test  operation  since  it is the  concentration  of  contaminating  species,  such  as 
nitrogen  and  oxygen,  which  is  generally  most  important.  Great  care  was  exercised 
in  the  design,  assembly,  and  instrumentation  of  the  test  system to facilitate 
the  achievement of a very  low  pressure  in  the  test  chamber  with  the  loop  at  the 
operating  conditions. 
As indicated  previously,  the  system  was  baked  out  for  several  time 
periods  prior  to  the  application of power  to  the  loop  heater  circuit. A total 
bakeout  time  of  approximately 100 hours was completed  prior  to  the  start  of  the 
first  500-hour  operation  period.  During  the  bakeout,  the  temperatures of loop 
components  and  the  test  chamber  were  in  the  200°  to 300qF range. 
1.  Ionization  Gauge  Pressure  Observations - The  test  chamber  pressures 
during  the  1000-hour  test  as  indicated  by  the  ionization  gauge*  are  given  in 
Figure 21. A more  detailed  discussion of the  total  pressure  and  partial  pressure 
observations  during  test  startup and shutdown  is  included  in  the  section  below. 
A s  may  be  noted  in  Figure  21,  the  total  pressure  during  both  the  initial  and 
second  test  startup  dropped  from  the  high  to  the  low  torr  range  in  less  than 
five  hours.  During  the  first  period  of  test  operation (0 to 509 hours),  the 
pressure  held  in  the low.lO-* torr  range for most  of  the  time.  During  the 509 
to  1000-hour  test  period,  the  ion  gauge  pressure was maintained  in  the  high 10- 
torr  range  for  the  last 250 hours of test  operation. 
9 
* Model  27GT104,  glass  miniature  ionization  gauge  tube,  General  Electric  Company, 
Vacuum  Products  Department,  Schenectady,  New  York. 
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TABLE I V  
PRINCIPAL  TEST  CONDITIONS DURING 'JXE TWO TEST 
PERIODS O F  OPERATION OF THE  SODIUM  THERMAL  CONVECTION  Lx>OP 
0-509 Hours 509-1000 Hours 
Flow ra te  
Flow ve loc i ty  (0 .25- inch  I D ,  
2200°F region) 
Sodium t e m p e r a t u r e ,  h e a t e r  i n l e t  
Sodium t e m p e r a t u r e ,  h e a t e r  o u t l e t  
Sodium temperature ,  maximum 
Cur ren t  t h rough  hea te r  co i l s  
P o t e n t i a l  a c r o s s  h e a t e r  c o i l s  
T o t a l  power inpu t  t o  bus bars  
Power i n p u t  t o  sodium 
Heat l o s s e s  i n  h e a t e r  c o i l s  
and  e lec t rodes  
11 l b / h r  
0.22 fps  
1400°F 
2075°F 
2380°F 
564 amps 
2 . 3 2  v o l t s  
1 .31 KW 
0.68 KW 
0 .63 KW 
11 lb /h r  
0 .22 f p s  
1350°F 
1985OF 
2260°F 
537 amps 
2 .05  Vo l t s  
1.10 KW 
0 .63 KW 
0 . 4 7  KW 
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Following completion of the 1,000-hour test, t h e  power t o  t h e  l o o p  was 
tu rned  o f f  and the  loop  was allowed t o  c o o l  t o  room t empera tu re .  Af t e r  t h ree  
hours  of  cool ing,  with the loop a t  approximately 150°F, the chamber pressure 
had decreased  to   3 .4  x 1 0   t o r r .  - 9  
The p res su re  r ise r a t e  w i t h  t h e  g e t t e r - i o n  pumps turned off  was obtained 
j u s t  b e f o r e  t h e  test was terminated with the loop a t  t h e  o p g r a t i n g  c o n d i t i o n s  
and a g a i n  a f t e r  t h e  l o o p  had  cooled t o  room temperature .  Resul ts  of  these 
p re s su re  rise measurements a re  g iven  in  Tab le  V .  These resul ts  i n d i c a t e  t h a t  
t h e  p r e s s u r e  r ise r a t e s  were e s s e n t i a l l y  e q u a l  f o r  t h e  two loop conditions.  
A 16-hour pressure rise test  was a l s o  c o n d u c t e d  a f t e r  t h e  509-hour test 
shutdown  with  the  loop  at  room tempera ture .   Dur ing   th i s   per iod   the  chamber 
p re s su re   i nc reased  from 3.5 x 10 t o r r   t o   4 . 8  x 10 t o r r .   T h i s   p r e s s u r e  
r i s e  y i e l d s  a p res su re  r ise r a t e  of  3.0 x 10 to r r /hour ,  or approximately 
one -ha l f  t he  r a t e  measu red  in  the  20 -minu te  t e s t  a t  t he  conc lus ion  o f  t he  t e s t  
a f t e r  1,000 hours  of  opera t ion .  Outgass ing  of  the  ge t te r - ion  pump i s  most 
p robab ly  r e spons ib l e  fo r  t he  h ighe r  p re s su re  r ise r a t e  f o r  t h e  20-minute test .  
-9  -6 
-7 
2. Pa r t i a l  P re s su re  Obse rva t ions  - A s  i n d i c a t e d  i n  Sec t ion  V-C., a 
p a r t i a l  p r e s s u r e  a n a l y z e r  was u s e d  d u r i n g  t h e  f i r s t  p e r i o d  (0  t o  509 hours)  
of  loop  opera t ion  to  de te rmine  the  concent ra t ion  of t h e  v a r i o u s  r e s i d u a l  g a s e s  
i n  t h e  t e s t  chamber  environment. 
* 
The changes in  ion  gauge  p res su re  and t h e  pressure of  the var ious gaseous 
s p e c i e s  d u r i n g  t h e  s t a r t u p  of t h e  l o o p  t e s t  a r e  i n d i c a t e d  i n  T a b l e  V I .  With 
t h e  chamber on bakeout  and t h e  maximum loop tempera ture  a t  300°F,  the  mass 28 
peak (Nay CO) was the  major  gas  (48%) wi th  s ign i f icant  concent ra t ions  of  
helium  (25%)  and  hydrogen  (18%).  Several  hours la ter  w i t h  t h e  l o o p  a t  a 
maximum temperature  of  2380°F,  hydrogen was the  major  gas  present .  The 
hydrogen concentrat ion increased by a f a c t o r  of 10 when t h e  maximum loop 
** 
* Model  514, P a r t i a l  P r e s s u r e  Gas Analyzer ,   Genera l   E lec t r ic  Company, Power 
Tube Department, Schenectady, New York. 
** Mass/charge 
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c 
TABLE V 
Time ,  Minutes 
O* 
1 
5 
10 
15 
20 
Pressure  rise r a t e  
(0-20 minutes)  
INCREASE  IN PRESSURE I N  THE 
SODIUM THERMAL CONVECTION IIx)P CHAMBER 
Loop a t  Temperature Following Termination 
After 980 Hours of of Test, Loop at Room 
Test  Operation Temperature 
7 . 0  x 3.4 x 
6.5 x 9 . 9  x 
1.6 x 9 . 2  x 
2.3 x 1.9 x 
2.4 x 10" 2.4 x 
1.1 x torr/min 1.2 x torr/min 
6.6 x t o r r / h r   7 . 2  x torr /hr  
*Pressure  jus t  be fore  ge t ter - ion  pumps turned o f f .  
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t empera ture  w a s  increased  from 300° to  2380OF and c o n s t i t u t e d  46% of  the  sum of 
t h e  p a r t i a l  p r e s s u r e s .  T h e  n e x t  l a r g e s t  i n c r e a s e  i n  t h e  c o n c e n t r a t i o n  o f  a 
major  gas was noted  for   hel ium  which  increased from 1.9 x 1 0  t o r r  t o  
4.9 x lo-' t o r r  d u r i n g  t h e  same pe r iod .  Th i s  i nc rease  in  he l ium concen t r a t ion  
i s  a t t r i b u t e d  t o  i t s  release from t h e  g e t t e r - i o n  pump e l e m e n t s  a s  t h e  t o t a l  
system pressure  increased  and t h e  pump e l emen t  t empera tu re  inc reased  due  to  the  
h i g h e r  c u r r e n t  f l o w  i n  t h e  pumps. 
-8 
The p a r t i a l  p r e s s u r e s  o f  t h e  v a r i o u s  r e s i d u a l  g a s e s  and the  ion  gauge  
p r e s s u r e  d u r i n g  t h e  f i r s t  509 hours  of  loop operat ion are p l o t t e d  i n  F i g u r e  22. 
I t  may be noted that  hydrogen was t h e  m a j o r  r e s i d u a l  g a s  d u r i n g  t h i s  test 
per iod and cons t i tu ted  approximate ly  60 t o  70% of  the  sum o f  t h e  p a r t i a l  
p re s su res .  The  mass 28 peak (N2, CO) was the  second most  abundant  gas  during 
the  major  por t ion  of  the  test, inc reas ing  from approximately 20% of  the  sum 
of t h e  p a r t i a l  p r e s s u r e s  a f t e r  200 hours  to  approximate ly  30% a f t e r  500 hours 
of test opera t ion .  
P r i o r  t o  s h u t t i n g  t h e  l o o p  test down t o  r e p a i r  and modify thermocouples 
and  remove the  pa r t i a l  p re s su re  ana lyze r ,  s eve ra l  ana lyze r  s cans  were  made t o  
compare the  concen t r a t ion  o f  t he  ind iv idua l  gases  wi th  the  loop  a t  temperature,  
w i t h  t h e  l o o p  a t  room temperature  and a f t e r  a 16-hour pressure rise test wi th  
the  loop  co ld  and t h e  g e t t e r - i o n  pumps o f f .  These  results a r e  l i s ted  i n  
Table  VII .  
Cool ing  the  loop  from t h e  test  temperature (Scan No. 59) t o  room tempera- 
t u r e  (Scan No. 61)  resul ted in  the fol lowing environmental  changes1 
a .   Ion  gauge  pressure  decreased by f ac to r  o f  t h ree .  
b. Hydrogen concentrat ion decreased from 50% t o  30% w h i l e  t h e  mass  28 
peak (N2, CO) increased  from  31% t o  52%. 
Comparison of Scans No. 61 and No. 62 i n d i c a t e s  t h e  c h a n g e s  i n  t h e  chamber 
environment during a 16-hour pressure rise test w i t h  t h e  l o o p  a t  room tempera- 
t u r e  and t h e  g e t t e r  i o n  pumps o f f .  The  major  changes were as follows: 
a .  The ion gauge pressure increased by a factor of 1,300 which was 
e q u i v a l e n t  t o  a pres su re  rise r a t e  o f  3 x 10 to r r /hour .  -7 
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b .  Bo th  the  pe rcen tage  and  pa r t i a l  p re s su re  o f  he l ium inc reased  marked ly  
d u r i n g  the p r e s s u r e  rise test .  
c. The mass 28  peak (N2, CO) i n d i c a t e d  a s u b s t a n t i a l  i n c r e a s e  i n  p a r t i a l  
p ressure   (10  t o  low6 t o r r ) ;  however, i t s  p e r c e n t a g e   o f   t h e   t o t a l   p r e s s u r e  
ac tua l ly  dec reased  (52% to  25 ) .  
-9 
d .  The  hydrogen  pressure d i d  n o t  c h a n g e  s i g n i f i c a n t l y . d u r i n g  t h e  p r e s s u r e  
rise; the re fo re ,  t he  concen t r a t ion  o f  hydrogen  showed a v e r y  l a r g e  decrease 
(30% t o  0.1%). 
From t h e  p r e s s u r e  r ise ra te  measurements with the pumps o f f ,  i t  is  f a i r l y  
a p p a r e n t  t h a t  t h e  i o n  pumps are a source  of t h e  i n e r t  g a s e s  (He and A r )  under 
t h e s e  c o n d i t i o n s .  C h a n g e s  i n  p a r t i a l  p r e s s u r e s  o f  t h e  o t h e r  s p e c i e s  are more 
d i f f i c u l t  t o  e x p l a i n  d u e  t o  t h e  g r e a t  v a r i e t y  o f  mechanisms by which t h e s e  
spec ies  might  be  in t roduced  in to  or removed  from the  gas  phase.   For  example,  
the  hot  e lements  of  the  ion  gauge  and  par t ia l  p ressure  ana lyzer  may act as 
e i t h e r  a s o u r c e  o r  a s i n k  f o r  t h e  a c t i v e  g a s e s  a n d  may a c t u a l l y  pump one gas 
whi le  evolv ing  another  or even  conver t  one  spec ie  to  another ,  e .g . ,  O2 t o  CO. 
The ion pumps cou ld  con t inue  to  pump a c t i v e  g a s e s  f o r  some period of time a f t e r  
t h e  v o l t a g e  i s  removed. I n  a d d i t i o n ,  t h e  chamber walls and t h e  l o o p  i t s e l f  may 
act as e i t h e r  a sou rce  or s i n k  f o r  t h e  a c t i v e  g a s e s ,  
S e v e r a l  o v e r a l l  comments may b e  made c o n c e r n i n g  t h e  p a r t i a l  p r e s s u r e  
va lues  obta ined  dur ing  loop  opera t ion .  The  hydrogen  concentration was t h e  
major  gas  throughout  the  f i r s t  500 hours  of  the  test and i s  a t t r i b u t e d  
p r i m a r i l y  t o  t h e  r e l a t i v e l y  l a r g e  amount o f  r e f r a c t o r y  metal i n  components 
such as  e l e c t r o d e s ,  r e f l e c t i v e  f o i l  i n s u l a t i o n ,  and surge tank which operate  
a t  r e l a t i v e l y  low temperatures  (500 t o  1500°F), as well as possible  hydrogen 
evo lu t ion  from h o t  s t a i n l e s s  steel  and  copper  components i n  t h e  chambar.  The 
r e l a t ive ly  h igh  he l ium concen t r a t ion  du r ing  the  t es t  was not  an t ic ipa ted  and  
must be a t t r ibu ted  to  an  apparent  h igh  inventory  of  he l ium in  the  envi ronment  
i n  e q u i l i b r i u m  w i t h  t h e  h e l i u m  h e l d  by t h e  pump elements.  
I t  i s  s i g n i f i c a n t  t h a t  oxygen and water v a p o r  p a r t i a l  p r e s s u r e  were extremely 
low d u r i n g  t h e  test and  fo l lowing  the  16-hour  pressure  rise tes t .  T h i s  i n d i c a t e s  
t h a t  t h e  t es t  chamber w a s  e s s e n t i a l l y  f ree  of a i r  l eaks .  The  r e su l t s  of chemical 
analyses  of  var ious loop components  (descr ibed in  Sect ion X o f  t h i s  r e p o r t )  i n d i -  
cated no  s ign i f i can t  con tamina t ion  du r ing  the  tes t ,  and t h i s  i s  cons i s t en t  w i th  
the  ion  gauge  and pa r t i a l  p re s su re  measu remen t s  made d u r i n g  t h e  tes t .  
-54 - 
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I X .  TEST  HUTDOWN, DRAINING AND DISASSEMBLY  OF THE LI)oP 
Following completion of the room tempera ture  pressure  rise tests and 
par t ia l  p ressure  measurements  on t h e  test  chamber desc r ibed  in  the  p reced ing  
s e c t i o n ,  t h e  chamber was v e n t e d  t o  a i r .  The b e l l  j a r  o f  t h e  chamber w a s  then  
removed  and seve ra l  v i ews  o f  t he  ove ra l l  l oop  and c loseup  v iews  of  spec i f ic  
components are shown i n  F i g u r e s  23,  24, and  25. A s  may be  no ted  in  these  
photographs, a l l  o f  the  re f rac tory  a l loy  components  were b r i g h t  i n  a p p e a r a n c e  
and looked very similar t o  t h e  p r e t e s t  a p p e a r a n c e  i l l u s t r a t e d  i n  F i g u r e  1 0 .  
Some ev idence  o f  d i sco lo ra t ion  o f  t he  chamber walls i n  c e r t a i n  a r e a s  had 
been noted when t h e  chamber w a s  opened a f t e r  t h e ' f i r s t  p e r i o d  ( 0  t o  509 hours)  
of  loop operat ion.  A s l i g h t  amount of  addi t iona l  d i sco lora t ion  occurred  dur ing  
the  second per iod  of  loop  opera t ion .  The  pa t te rn  of  these  d isco lora t ions  sug-  
ges t ed  tha t  t hey  o r ig ina t ed  from t h e  c o p p e r  e l e c t r i c a l  c o n n e c t o r s  . Chemical 
analyses performed on unused connectors and smears  taken  wi th  f i l t e r  paper  
moistened with a 10% n i t r i c  a c i d  s o l u t i o n  c o n f i r m e d  t h a t  t h e  d i s c o l o r a t i o n s  
on t h e  chamber walls were caused by t h e  v a p o r i z a t i o n  o f  v o l a t i l e  c o n s t i t u e n t s  
from the  connec to r s .  Spec t rog raph ic  ana lys i s  o f  t he  f i l t e r  pape r  smear s  
r e v e a l e d  t h a t  z i n c  and lead were the major elements present and w e t  chemical 
analysis  of  unused connector  par ts  revealed 3-5% z i n c  and 2-4% lead. Although 
no contamination by these  e lements  w a s  de tec ted  on r e f r a c t o r y  metal components 
because  of  the i r  re la t ive ly  h igh  opera t ing  tempera ture ,  the  dec is ion  was made 
t o  u s e  on ly  h igh  pu r i ty  OFHC copper  in  the  cons t ruc t ion  of  connec tors  for  
f u t u r e  l o o p  t e s t s .  
* 
During  the  d isassembly  of  the  loop  from t h e  test support  s t r u c t u r e ,  samples 
of the 2-mil Cb-1Zr r e f l e c t i v e  i n s u l a t i n g  f o i l  were taken from a l l  reg ions  and 
checked for  appearance change and duct i l i ty .  A l l  t h e  f o i l  s p e c i m e n s  were com- 
pa rab le  in  appea rance  and i n  r e v e r s e  bend d u c t i l i t y  t o  t h e  b e f o r e - t e s t  f o i l .  
* Burndy, Catalog No. &A-26-B and Q2A28-2N (see Dwg. #lo, Appendix A of 
t h i s  r e p o r t ) .  
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Sodium F i l l  and  Argon 
Pressurizat ion Tuba  
F igure  23. Overall V i e w  of  the Cb-1Zr Sodium  Thermal  Convection Loop 
Following  Completion of t h e  1000-Hour Test. Photograph 
Taken J u s t  A f t e r  Removal of t h e  Bel l  Jar P o r t i o n  of t h e  
Vacuum Chamber. 
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F i g u r e  24. Top Heater Co i l  and  Upper  Por t ion  of t h e  Cb-1Zr Sodium  Thermal 
Convect ion Loop Fo l lowing  the  1000-Hour Test a n d  P r i o r  t o  t h e  
Removal of Cb-1Zr I n s u l a t i n g  Foil. 
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The loop proper  i s  shown i n  F i g u r e  26 following removal from t h e  test 
chamber.  Comparison  of t h i s  pho tograph  wi th  F igu re  5, which showed the  loop  
p r i o r  t o  test, ind ica t e s  no  s ign i f i can t  change  in  the  appea rance  o f  t he  loop .  
The bulk of the sodium was removed by hea t ing  the  inver ted  loop  which  
a l lowed the  sodium t o  f l o w  i n t o  a n  e v a c u a t e d  s t a i n l e s s  s t e e l  c o n t a i n e r  which 
w a s  a t t a c h e d  t o  an argon gas  pr .essur iZat ion  tube  following. removal of t h e  loop 
from t h e  chamber .  Fol lowing  the  in i t ia l  d ra in ing ,  the  loop  w a s  back f i l l ed  wi th  
i n e r t  g a s  s e v e r a l  times and re-evacuated t o  sweep r e s i d u a l  sodium i n t o  t h e  
s t a i n l e s s  s teel  conta iner .  Heat ing  of  the  loop  was accomplished by  means of 
heat ing tapes  which were wrapped over two layers of aluminum f o i l  which pre- 
ven ted  d i r ec t  con tac t  o f  t he  hea t ing  t apes  wi th  the  loop  and r e s u l t e d  i n  more 
uniform heat ing.  
The loop was c u t  i n to  Bec t ions  6 t o  8 inches in  1eng. th  and s t r ipped  of 
r e s i d u a l  sodium in  abso lu te  e thy l  a l coho l  i n  p repa ra t ion  fo r  de t a i l ed  chemica l  
a n a l y s i s  and me ta l log raph ic  eva lua t ion  o f  t he  va r ious  po r t ions  of the  loop .  
-59 - 
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Figure 26. Cb-1Zr Sodium Thermal Convection Loop Following 1000 Hour 
Test. 
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X. CHEMLCAL AND METALLURGICAL  EVALUATION OF TEST COMPONENTS 
The eva lua t ion  o f  t he  va r ious  po r t ions  o f  t he  loop  cons i s t ed  p r imar i ly  
of  chemica l  ana lys i s  of  the  Cb-1Zr tubing,  metal lographic  examinat ion,  bend 
tes t ing,   and  microhardness   surveys  across   tube walls. Various  regions  of   the 
loop  used  in  these  eva lua t ions  are i d e n t i f i e d  i n  F i g u r e  27. 
A.  Results of Chemical Analysis of Cb-1Zr Tubing 
The resul ts  of  chemical  analyses  performed on var ious samples  taken 
from the  loop  are g iven  in  Table  V I I I .  No s ign i f i can t  changes  were n o t e d  i n  
t h e  n i t r o g e n  and carbon concentrations of the samples analyzed. 
The  oxygen concentrat ions of  the var ious specimens indicated that  oxygen 
pickup from t h e  test environment was n o t - s i g n i f i c a n t .  The  apparent  high 
oxygen concent ra t ion  of  the  outer  por t ion  of  the  wal l  o f  the  Region  A specimen 
i s  a t t r i b u t e d  t o  r e s i d u a l  p a r t i c l e s  o f  a l u m i n a  w h i c h  were embedded i n  t h e  o u t e r  
s u r f a c e  a s  a result  o f  t h e  g r i t  b l a s t i n g  o f  t h i s  a r e a  t o  i n c r e a s e  t h e  e m i t t a n c e  
o f  t he  tube .  Me ta l log raph ic  de t ec t ion  o f  r e s idua l  a lumina  pa r t i c l e s  i n  the  
o u t e r  s u r f a c e  and t h e  low qxygen concen t r a t ion  o f  s imi l a r  r eg ions  o f  t he  loop  
which were no t  g r i t  b l a s t ed  conf i rmed  tha t  t he  g r i t  b l a s t ing  t r ea tmen t  caused  
t h e  h i g h  oxygen r e s u l t s .  L i m i t e d  tests were also conducted on con t ro l  spec i -  
mens t o  d e t e r m i n e  t h e  oxygen i n c r e a s e  i n  Cb-1Zr  t u b i n g  r e s u l t i n g  from t h e  
a l u m i n a  g r i t  b l a s t i n g  t r e a t m e n t  u s e d  on c e r t a i n  r e g i o n s  o f  t h i s  .loop:  These 
r e ~ u l t G ( ~ )  ind ica t ed  tha t  an  oxygen increase of approximately 200 ppm would 
o c c u r  i n  Cb-1Zr  t u b i n g  w i t h  0 .065- inch  th ick  wal l s .  The r e l a t i v e i y  low con- 
cent ra t ion  of  oxygen in  the  spec imen from Region N ,  which was t h e  h o t t e s t  
reg ion  of  the  loop ,  sugges ts  tha t  oxygen was deple ted  from t h i s  r e g i o n .  
Subsequent loop tests i n  t h i s  program which operated for longer periods of 
time and were analyzed in more d e t a i l  c o n f i r m e d  t h e  i n d i c a t i o n  n o t e d  i n  t h i s  test ,  
i .e. ,  migration of oxygen from t h e  h o t t e r  t o  t h e  c o o l e r  r e g i o n s  o f  t h e  l o o p  w i t h  
t h e  sodium a c t i n g  as t h e  t r a n s p o r t  medium. 
(4) Potassium Corrosion Test Loop Development, 
for Period Ending June 15, 1964, NASA Contract  
Q u a r t e r l y  Progress Report  No. 4, 
NAS 3-2547, NASA-CR-54167, p .  65. 
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Bimetallic  Joint 
Valve  and  Argon  Supply A 
Argon 
Surge  Tank (180 PSI) 
Cb-1Zr  Tube 
These  areas  insulated 
with  Cb-1Zr  Foil 
6 layers 
*@ a Metallographic, 
Chemical  Analysis, 
or  Bend  Specimen 
Location. 
Figure  27.  Sodium  Thermal  Convection  Loop  Showing  Location  of  the  Cb-1Zr 
Specimens  Taken  for  Metallurgical  and  Chemical  Evaluation. 
Temperatures  Indicated  are  Nominal  Temperatures  for  the  First 
Period (0-to 509 Hours)  of  Loop  Operation. 
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TABLE V I 1 1  
CHEMICAL  ANALYSES  OF  VARIOUS Cb-1Zr TUBE 
SPECIMENS  FROM  THE  SODIUM  THERMAL  CONVECTION  LLH3P 
Chemical Analysis, ppmayb 
Specimen Description 
" .
Region A , (2000'F) C d 
Outer  21 Milse 
Middle 21 Mils 
Inner  21  Mils 
Region H, (1400'F) 
To ta l  Cross  Sec t ion  
Region M y  (2300'F) 
To ta l  Cross  Sec t ion  
Region 0, (2074'F) 
To ta l  Cross  Sec t ion  
Before Test (MCN 404) 
a Oxygen 
3 10 
171 
199 
190 
69 
194,216, 
125,149 
114 , 136 
N - 
11 
1 
5 
3 
3 
14,16, 
13,9 
1Y9 
H - 
50 
79 
62 
37 
13 
173,174, 
180,181 
1 ,4  
, n i t r o g e n  
a n a l y s i s .  
, and hydrogen concentrations determined by vacuum fusion 
bCarbon concent ra t ion  de te rmined  us ing  the  conduct imet r ic  method. 
C Loca t ion  of  the  spec imens  ind ica ted  in  F igure  27 .  
!Nomina l  t empera tu re  o f  r eg ion  du r ing  f i r s t  pe r iod  (0 t o  509 hours)  of 
l oop   ope ra t   i on .  
High oxygen c o n c e n t r a t i o n  o f  t h i s  s a m p l e  a t t r i b u t e d  t o  r e s i d u a l  p a r t i c l e s  of 
alumina embedded i n  t h e  o u t e r  s u r f a c e  d u r i n g  g r i t  b l a s t i n g  t o  i n c r e a s e  
emit tance.  ". 
e 
C - 
- 
- 
- 
40,50 
- 
- 
20,30 
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The h igh  hydrogen  concent ra t ion  de tec ted  i n  s e v e r a l  r e g i o n s  of t h e  loop 
was n o t  . a n t i c i p a t e d .  A s  i n d i c a t e d  i n  t h e  p r e v i o u s  s e c t i o n ,  t h e  l o o p  was c u t  
i n t o  s e c t i o n s  6 t o  8 inches  long  wi th  a t u b i n g  c u t t e r ,  a n d  t h e  r e s i d u a l  sodium 
which remained a f t e r  t h e  d r a i n i n g  o p e r a t i o n  was removed by immersing t h e s e  
s e c t i o n s  i n  a b s o l u t e  e t h y l  a l c o h o l .  I t  has  been  concluded from a number of 
subsequent tests tha t  have  been  per formed tha t  the  hydrogeh  p ickup by t h e  Cb-1Zr 
t u b i n g  o c c u r r e d  d u r i n g  t h e  a l c o h o l  d i s s o l u t i o n  of t h e  r e s i d u a l  sodium from t h e  
t u b e  walls. A l t h o u g h  t h i s  phenomenon has  been  s tudied  by o t h e r  i n v e s t i g a t o r s  
i n  c o n n e c t i o n  w i t h  t h e  r e m o v a l  o f  l i t h i u m  f o r  r e f r a c t o r y  a l l o y  t u b i n g ,  it was 
n o t  a n t i c i p a t e d  t o  b e  a p r o b l e m  f o r  t h e  s p e c i m e n s  l i s t e d  i n  T a b l e  VIII. Only 
a thin f i lm of  sodium remained on the walls of the specimen from Region 0, which 
showed the  h ighes t  hydrogen  concen t r a t ion ,  and  the  d i s so lu t ion  of t h i s  f i l m  by 
t h e  a l c o h o l  was comple te  in  a few s e c o n d s .  I n  s p i t e  o f  t h e  l i m i t e d  time re- 
qui red  for the  removal  of  the sodium, i t  appea r s  t ha t  su f f i c i en t  hydrogen  was 
g e n e r a t e d  a n d  d i f f u s e d  i n t o  t h e  t u b e  w a l 1 , s u b s t a n t i a l l y  i n c r e a s i n g  i t s  hydrogen 
concent ra t ion .  
(5) 
P r e v i o u s  i n v e s t i g a t i o n s  of t h e  columbium-hydrogen system(6) have indicated 
tha t  i nc reas ing  t empera tu re  and  dec reas ing  hydrogen  p res su re  r e su l t  i n  sub -  
s t a n t i a l  decreases i n  t h e  e q u i l i b r i u m  h y d r o g e n  c o n c e n t r a t i o n  o f  columbium. 
The  re ferenced  s tudy  indica ted  hydrogen  concent ra t ions  of  less than  100  
ppm i n  columbium f o l l o w i n g  e q u i l i b r a t i o n  a t  700°C  (1292'F) i n  a hydrogen environ- 
men.t of  25 t o r r .  The r e s u l t s  o f  similar s t u d i e s  by  Katz  and G ~ l b r a n s e n ' ~ )  on 
columbium c o n t a i n i n g  0.79 percent   z i rconium  y ie lded  similar r e s u l t s .  T h e s e  
inves t iga t ions  ind ica t e  tha t  t he  equ i l ib r ium hydrogen  concen t r a t ion  o f  t he  
Cb-1Zr loop tubing from the region of h igh  pos t - tes t  hydrogen  concent ra t ion ,  
Region 0, where  the  ope ra t ing  t empera tu re  was i n  e x c e s s  o f  2000°F and t h e  
(5) Personal communication, J .  H. DeVan,  Oak Ridge  Nat iona l  Labora tory .  
(6)  Albrecht ,  W .  M . ,  Mallett, M .  W . ,  and Goode, W .  D. ,  11 E q u i l i b r i a  i n  Niobium- 
Hydrogen  System," J .  Electrochemical  Society,  105  (1958)  219,  pp  461-453. 
( 7 )  Katz, 0 .  M .  and  Gulbransen, E. A . ,  Discussion Sect ion,  J.  Electrochemical  
i Society, 105/12 (1958) 756,  p. 462. 
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hydrogen   pa r t i a l  of t h e  chamber was always less than   to r r ,   should   have  
been very much less than 100 ppm. To s u b s t a n t i a t e  t h i s  c o n c l u s i o n ,  a test 
was conducted on a specimen of t h e  Cb-1Zr l o o p  t u b i n g  t o  a s s u r e  t h a t  the high 
hydrogen concentrat ion could not  have been present  in  the tube wall a t  t h e  com- 
p l e t ion  o f  l oop  ope ra t ion .  A sample  of  the  tub ing  from Region 0 ,  which previ- 
ously analyzed 177 ppm hydrogen (average of four analyses l isted i n  T a b l e  VIII) 
w a s  hea t ed   fo r   fou r   hour s  a t  2000OF i n  a 1 x t o r r  vacuum. Dupl ica te  
ana lyses  of t h i s  Cb-1Zr t u b e  specimen y ie lded  a hydrogen concentration of 3 ppm. 
T h i s  rapid removal of hydrogen i s  add i t iona l  ev idence  to  suppor t  t he  conc lus ion  
that  t h e  hydrogen  cou ld  no t  have  been  p resen t  i n  the  tub ing  p r io r  t o  the  a l coho l  
s t r ipp ing  procedure .  S t r ipp ing  exper iments (8)  have  subsequent ly  shown t h a t  the 
a lka l i  me ta l  so lven t ,  n -bu ty l  ce l lo so lve ,  does  no t  r e su l t  i n  hydrogen  p i ckup  by 
r e f r a c t o r y  a l l o y s  and t h i s  s o l v e n t  o r  d i s t i l l a t i o n  w i l l  be employed i n  t h e  c l e a n -  
i n g  of fu tu re  loop  test components t o  avoid the problem of possible hydrogen 
contaminat  ion.  
( 8 )  Personal  Communication, C. E. Sessions,  O a k  Ridge National Laboratory.  
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B. Resul ts  of  Metal lographic  Examinat ion of Cb-1Zr Components 
" - "~
A to t a l  of 25 metal lographic  specimens were prepared from va r ious  
r eg ions  o f  t he  loop .  The  mic ros t ruc tu re  o f  t he  Cb-1Zr tubing used t o  c o n s t r u c t  
t h e  l o o p  i s  shown i n  F i g u r e  28. A s  i n d i c a t e d  p r e v i o u s l y  i n  S e c t i o n  I11 o f  t h i s  
r e p o r t ,  t h e  f i n a l  a n n e a l i n g  h e a t  t r e a t m e n t  o f  t h i s  t u b i n g  was one  hour  in  
vacuum a t  2200°F. The grain size o f  t h e  t u b i n g  b e f o r e  tesa was ASTM No. 6-7. 
The Cb-1Zr materials used t o  f a b r i c a t e  t h e  l o o p  were p i c k l e d  i n  a s o l u t i o n  o f  
6OHfl-20HF-20HN03 (percent  by  volume) t o  remove 0 . 2  t o  0 . 4  m i l  of t h e  s u r f a c e  
p r i o r  t o  release f o r  f a b r i c a t i o n .  T h e  p i c k l i n g  was performed  in   accordance 
wi th  SPPS S p e c i f i c a t i o n  03-0010-00-By Chemical Cleaning of Columbium and 
I O \  
Columbium Alloy Products 'J ' .  The typical I D  s u r f a c e  of t h e  t u b i n g  had  smooth, 
s h a l l o w  i r r e g u l a r i t i e s  w i t h  a maximum depth of  0 .5  m i l .  
Meta l lographic  examinat ion  of  bo th  longi tudina l  and  t ransverse  Cb-1Zr 
tubing from a l l  r eg ions  o f  t he  loop  r evea led  no  ev idence  o f  co r ros ion  o f  e i the r  
t h e  b a s e  material or t h e  weldments used tQ join  the  var ious  loop  components .  
The most s i g n i f i c a n t  m e t a l l o g r a p h i c  o b s e r v a t i o n  w a s  t h e  c o n s i d e r a b l e  amount of  
abnormal  grain growth that  occurred in  those port ions of  the loop which were 
ben t  du r ing  loop  f ab r i ca t ion  ( e .g . ,  hea t e r  co i l s )  and  ope ra t ed  a t  temperatures  
i n  excess of  2000°F  during  the  1,000-hour tes t .  T h i s  phenomenon i s  i l l u s t r a t e d  
i n  F i g u r e  29 which shows uross sec t iona l  v iews  of  two reg ions  of  the  Cb-1Zr 
tube  wall. Bending the tube on a 4- inch  d iameter  dur ing  loop  fabr ica t ion  
r e s u l t e d  i n  maximum s t r a i n s  of approximately 8% on both the compression and 
t e n s i o n  s i d e  o f  t h e  t u b e .  T h i s  well-known m e t a l l u r g i c a l  phenomenon has  been 
s t u d i e d  i n  many metals and a l l o y s  ( loy l l ) .  A small test  program was conducted 
on t h e  Cb-1Zr t u b i n g  u s e d  i n  t h e  c o n s t r u c t i o n  o f  t h e  Sodium Thermal Convection 
Loop t o  de te rmine  the  e f fec t  o f  the  requi red  bending  and  subsequent  hea t ing  t o  
the  t empera tu res  of i n t e r e s t  on t h e  g r a i n  size. The  r e su l t s  ob ta ined  are 
(9) Frank, R .  G. ,  e t  a l . ,  Potassium Corrosion Test Loop Development Topical  
Report No. 2, Material and  P rocess  Spec i f i ca t ions  fo r  Re f rac to ry  Al loy  and 
Alkdi:Metals, R66SD3007, General Electric Company, Cincinnat i ,  Ohio,  December 
13, 1965,  p.  281. 
(10) Murphy, D. J. ,  e t  a l . ,  "Cr i t ica l  S t ra in  in  High  Pur i ty  Tanta lum and 
Tantalum-Tungsten Alloys," "2871, Los Alamos Sc ien t i f i c  Labora to ry ,  June  24, 1963. 
(11) Rostoker,  William and  Dvorak, James R., " In t e rp re t a t ion  o f  Meta l log raph ic  
S t r u c t u r e s , "  Academic P res s ,  New York, 1965, p. 28. 
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Figure 28. Microstructure of a Cross Section of the Cb-1Zr Tubing 
(0.375-Inch OD x 0.065-Inch Wall Thickness)  Before Test. 
Etchant: 60mlGlycerine-20mlHF-20mlHN03 Mag: 75X 
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Figure  29. Crose S e c t i o n a l  Photomicrographs of Cb-1Zr Tube From Region 
4 Inches Below Middle Heater E l e c t r i d e  (Near Region K i n  
F igu re  27) .  
a )  Neu t ra l  Axis Area of Tube Bend Showing P a r t i a l  Grain 
b) Tension S ide  of Tube Bend Showing P r a c t i c a l l y  Complete 
Etchant :  60mlGlycerine-20mlHF-20mlHN03 Mag: 75X 
Growth. 
Grain Growth. 
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descr ibed i n  d e t a i l  i n  Appendix C and t h e  grain growth obtained i n  t h e  bent 
regions of t h e  loop specimens following test are i n  good agreement with t h e  
pre- tes t  observations described i n  Appendix C. The g ra in  growth apparent i n  
Figure 29 and i n  seve ra l  of t h e  photomicrographs described below i s  a r e s u l t  
of t h e  bending and thermal treatment and was not  influenced by t h e  sodium 
environment. The abnormal gra in  growth occurred t o  a l imi ted  degree i n  t h e  
neu t r a l  a x i s  region of t h e  4-inch bend a s  i l l u s t r a t e d  i n  Figure 28a, but w a s  
e s s e n t i a l l y  completed i n  t h e  maximum s t r a i n  a rea  located 90 degrees from t h e  
n e u t r a l  a x i s  as shown i n  Figure 29b. 
The t y p i c a l  metallographic appearance of tubing from t h e  top  hea ter  c o i l  
i s  i l l u s t r a t e d  i n  Figure 30. 
on t h e  I D  sur face  is t y p i c a l  of t h e  0.5 m i l  o r  less of sur face  i r r e g u l a r i t y  
observed i n  before  test tube specimens. 
specimens taken from t h e  region j u s t  beyond t h e  top  hea ter  e lec t rode  (Region 0 
i n  Figure 27) is shown i n  Figure 31. 
t i o n  as described i n  t h e  previous sect ion,  and had very l i t t l e  d u c t i l i t y  a f t e r  
tes t .  The bend r e s u l t s  are described i n  d e t a i l  i n  t h e  next sec t ion .  
The s l i g h t  surface roughening which may be noted 
The metallographic appearance of 
This region had a high hydrogen concentra- 
Specimens taken from t h e  cold l e g  of t h e  loop (Regions A through F) were 
similar i n  metallographic appearance t o  t h e  before  test s t r u c t u r e  i l l u s t r aded  
i n  Figure 28. Some evidence of poss ib le  oxygen pickup, presumably from t rans-  
f e r  from t h e  h o t t e r  regions of t h e  loop w a s  noted near  t h e  I D  of t h e  metallo- 
graphic  specimen which w a s  taken from Region H, t h e  minimum temperature region 
(1400OF) i n  t h e  flow c i r c u i t .  The microstructure of t h i s  specimen i s  shown i n  
Figure 32. 
i n  t h i s  region (125 t o  190 ppm) and t h e  similar appearance of a f i n e  precipi-  
t a t e  located i n  t h e  dark areas t o  Z r 0 2  i s  the-evidence f o r  concluding that t h e  
dark region near t h e  I D  resu l ted  from oxygen pickup from t h e  flowing sodium. 
Unfortunately, t he re  w a s  not a s u f f i c i e n t  length of s t r a i g h t  tubing i n  t h i s  
region t o  obta in  meaningful gradient  samples f o r  chemical ana lys i s .  
The s l i g h t  increase  i n  t h e  oxygen concentration of t h e  tube w a l l  
In  summary, t h e  m e t a l  lographic examination of specimens from a l l  regions 
of t h e  loop, including weldments, revealed no evidence of a t tack ,  and t h e  gra in  
growth observed i n  c e r t a i n  regions r e s u l t e d  from bending during loop fabr ica t ion  
and subsequent high temperature operation during t h e  t es t .  
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Figure  30. Micros t ruc ture  of a Cross  Sec t ion  of t h e  Cb-1Zr Tube From t h e  
Middle of t h e  Top Heater Coil (Region M i n  F i g u r e  27). 
Etchant :  60mlGlycerine-20mlHF-2OmlHN0~ Mag: 75X 
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Figure  31. Micros t ruc tu re  of a Cross  Sect ion of t h e  Cb-1Zr Tube From t h e  
Heater Exit  (Region 0 i n  F i g u r e  27). 
Etchant:  60mlGlycerine-20mlHF-20mlHN03 Mag: 75X 
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Figure  3 2 .  Micros t ruc ture  of a Cross  Sec t ion  of t h e  Cb-1Zr Tube From t h e  
Heater I n l e t  (Region H i n  F i g u r e  27) .  
Etchant:  60mlGlycerine-20mlHF-2hlHN03 Mag : 75X 
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C. Resul t s  of  Bead Tes ts  of  Tube  Specimens 
The  pos t - t e s t  duc t i l i t y  o f  l / 2 - inch  long  tube  sec t ' i ons  t aken  from 
e ight  reg ions  of  the  loop  was checked by f l a t t e n i n g  t h e  t u b e s  i n  a hydrau l i c  
p r e s s  u s i n g  a s t r i p  of 0,060-inch t h i c k  s h e e t  as a n  i n t e r n a l  s u p p o r t .  Measure- 
ment  of  the  spec imens  fo l lowing  f la t ten ing  ind ica ted  a bend rad ius  of  0.030 inch  
(one-half  the tube wall t h i ckness )  for those specimens which could be completely 
f l a t t e n e d .  F i v e  of the  specimens were found t o  b e  q u i t e  d u c t i l e ,  bu t  dup l i ca t e  
specimens taken from Region 0 (Figure 27) and a s ingle  specimen from Region A 
c r a c k e d  i n  a n  e x t r e m e l y  b r i t t l e  and transgranular manner.  The d u c t i l i t y  t y p i -  
c a l  of a l l  regions of  the loop tubing,  except  Regions A and 0 ,  i s  i l l u s t r a t e d  
by (a) and ( b )  i n  F i g u r e  33.  The  dark band n e a r  t h e  I D  wall of the specimen 
i l l u s t r a t e d  i n  F i g u r e  33a was previous ly  shown a t  h ighe r  magn i f i ca t ion  in  
Figure 32.  Although the s ize  of t h e  g r a i n s  i n  the specimen from  Region N 
(Figure 33b) w a s  enormous, 10 t o  40 mils i n  diameter, the specimen w a s  com- 
p l e t e l y  d u c t i l e .  The b r i t t l e  n a t u r e  o f  t h e  s p e c i m e n s  from  Region 0 i s  i l l u s -  
trated in Figure  33c. A second bend specimen  from  Region 0 is  shown i n  
F igure  34. The t r ansg ranu la r  na tu re  o f  t he  c rack ing  i s  q u i t e  a p p a r e n t  i n  t h e  
enlarged view in Figure 34b. Some evidence of deformation i s  a p p a r e n t  i n  t h e  
f ine  g ra ined  r eg ion  o f  t he  tube  wa l l .  As i n d i c a t e d  i n  t h e  p r e v i o u s  s e c t i o n ,  
Region 0 was abnormally high in  hydrogen concentrat ion,  approximately 180 ppm, 
and this f a c t  p l u s  t h e  v e r y  l a r g e  g r a i n  s i z e  i n  t h i s  r e g i o n  was no doubt 
r e s p o n s i b l e  f o r  t h e  b r i t t l e  behavior .  Although the hydride phase could not  be 
de tec ted  meta l lographica l ly ,  the  appearance  of t h e  c r a c k s  i n  F i g u r e  34b sugges ts  
t h a t  t h e  c r a c k i n g  may have  occur red  a long  ve ry  th in  p l a t e l e t s  o f  hydr ide  
phase(12) .  The fact   that   hydrogen  contaminat ion was r e s p o n s i b l e  f o r  t h e  
c racking  was confirmed by res tor ing  comple te ly  d u c t i l e  b e h a v i o r  t o  t u b e  
specimens from Region 0 by h e a t  t r e a t i n g  a vacuum a t  2000'F f o r  4 hours .  This  
heat  t reatment  reduced the hydrogen concentrat ion from 180 ppm t o  3 ppm. 
Add i t iona l  ev idence  to  suppor t  t he  con ten t ion  tha t  hydrogen  and not  the 
(12) McCoy, H. E. and  Douglas, D. A., Effect  of  Various  Gaseous  Contaminants 
~ ~ - 
11 
on t h e  S t r e n g t h  and Formabili ty of Columbium," Columbium Meta l lurgy ,  In te rsc ience  
Pub l i she r s ,  N e w  York,  1961,  page  112. 
-73- 
Figure 33. Cross  Sect ions of Cb-1Zr Tube Bend Specimens From Various 
Regions of t he  Sodium  Thermal  Convection Loop. Temperatures 
Shown are  the Temperatures  of These Regions During the Firs t  
Per iod (0  t o  509 Hours) of Loop Operation. 
Etchant :  60mlGlycerine-20mlHF-2GmlHNO~ Mag: 1OX 
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Figure 3 4 .  Cross Section of Cb-1Zr Tube Bend Specimen From Region 0 (2075OF) 
of the Loop. The Transgranular  Nature of the Cracking is Very 
Evident in the Enlarged View. 
Etchant: 60mlGlycerine-20mlHF-20mlHN03 a) Mag: 1OX 
b) Mag: 50X 
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extreme grain growth was r e s p o n s i b l e  f o r  t h e  b r i t t l e n e s s  o b s e r v e d : i s  a f f o r d e d  
by t h e  d u c t i l e  b e h a v i o r  of large grain specimens from Regions K (F igure  29) 
and 0 (Figures  31 and 34).  
As mentioned i n  t h e  p r e v i o u s  s e c t i o n  d e s c r i b i n g  t h e  r e s u l t s  o f  c h e m i c a l  
a n a l y s i s ,  d i f f e r e n t  t e c h n i q u e s  w i l l  be  used  in  fu tu re  tests t o  remove r e s i d u a l  
a l k a l i  metal i n  a manner t h a t  w i l l  no t  r e s u l t  i n  hydrogen contamination of the 
re f rac tory  a l loy  components .  
D. Results  of  Microhardness  Survey  of Tube Specimens 
The results of  microhardness  surveys  across  the  tube  wall of specimens 
from v?r ious  reg ions  of  the  loop  are g i v e n  i n  F i g u r e  35. The bulk of  the hard-  
n e s s  values measured (49 of 52 de termina t ions)  were i n  t h e  r a n g e  80 t o  120 
(Knoop Hardness Number)  and  showed n o  s i g n i f i c a n t  v a r i a t i o n  from t h e  value of  
97 measured on the  tub ing  be fo re  tes t ,  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  the 
sudden drop (120 t o  90) in  the  ha rdness  o f  t he  spec imen  from t h e  h e a t e r  i n l e t  
(Region H)  a t  a depth  of  17  to  22 mils from t h e  I D  cor responds  to  the  te rmina-  
t i o n  o f  the band of f i n e  p r e c i p i t a t e  p r e v i o u s l y  shown i n  F i g u r e  32. The 
s l igh t ly  h ighe r  Hardness  o f  t he  r eg ion  of t h e  t u b e  wall n e a r  t h e  OD o f  t he  
spec imens  f rom the  hea ter  in le t  and h e a t e r  exit is a t t r i b u t e d  t o  s l i g h t  s u b -  
surface contaminat ion which resul ted from t h e  g r i t  b l a s t i n g  o f  t h e s e  r e g i o n s  
w i t h  a l u m i n a  p r i o r  t o  test t o  i n c r e a s e  t h e  e m i t t a n c e  of the  tub ing .  The  
o t h e r  v a r i a t i o n s  i n  t h e  h a r d n e s s  o f  t h e  v a r i o u s  r e g i o n s  are no t  cons ide red  to  
be s i g n i f i c a n t .  
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Figure 35. Microhardness Gradients of Cb-1Zr Tube Specimens from Various 
Regions of the Sodium Thermal Convection Loop. 
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X I .  EVALUATION OF COMPONENT  PERFORMANCE AND INSTALIATIQN  PROCEDURES 
T h e  o b j e c t i v e s  o f  t h e  Sodium Thermal Convection Loop test t o  prove 
s p e c i f i c  components  and in s t rumen ta t ion  p rocedures  t o  be  used  in  succeed ing  
tests of  the  Potass ium Corros ion  Tes t  Loop Development Program were r e a l i z e d .  
The most s p e c i f i c  o b j e c t i v e s  a n d  t h e i r  e v a l u a t i o n s  are p r e s e n t e d  i n  T a b l e  I X .  
The lOoO-ampere, water-cooled, vacuum feedthrough  prev ious ly  shown i n  
F i g u r e  8 proved t o  b e  r e l i a b l e  and rugged component and resulted i n  n o  d i f f i -  
c u l t y  i n  e i t h e r  i n s t a l l a t i o n  or  o p e r a t i o n .  No d e t e r i o r a t i o n  o f  t h e  seal was 
obse rved  du r ing  the  test and  no  ind ica t ions  of  leaks  were d e t e c t e d  by  p e r i o d i c  
hel ium leak tests u s i n g  t h e  p a r t i a l  p r e s s u r e  g a s  a n a l y z e r  as t h e  detector.  
The maximum c u r r e n t  u s e d  d u r i n g  t h e  test  was 564 amperes; however, t h e  1000- 
ampere r a t i n g  a p p e a r s  t o  be a c o n s e r v a t i v e  v a l u e  s i n c e  no s i g n i f i c a n t  tempera- 
t u r e  rise was obse rved  in  the  f eed th rough  dur ing  s t eady  s t a t e  o p e r a t i o n .  
The e lectr ic  r e s i s t ance  hea te r  o f  t he  loop  p roved  t o  be a convenient and 
r e l i a b l e  method for   heat ing  l iquid  sodium.  The  heater   which  consis ted  of  two 
4 - inch  d i ame te r  he l i ca l  coils of 0.375-inch OD x 0.25-inch I D  Cb-1Zr t u b e  
approximately 36 inches  long  wi th  a common c e n t e r  e l e c t r o d e  and t w o  grounded 
e l e c t r o d e s  o p e r a t e d  w i t h o u t  d i f f i c u l t y  f o r  t h e  e n t i r e  1000-hour  un,.  The 
h e a t  g e n e r a t e d  i n  t h e  lower s e c t i o n  o f  t h e  h e a t e r  was approximately 20% h i g h e r  
than  the  uppe r  c o i l  due t o  its lower average  e lectr ical  r e s i s t a n c e  a s  a r e su l t  
of  i t s  lower average  operat ing  temperature .   The  thermal   unbalance  observed 
in t h e  h e a t e r  coi ls  o f  t h e  Sodium Thermal Convection Mop w i l l  be n e g l i g i b l e  
i n  t h e  h e a t e r  coils of the Rankine System Cbrrosion Test Loop because of t h e  
much higher  sodium ve loc i ty  and the  lower temperature  rise i n  t h e  l a t t e r  s y s t e m ,  
T h e  t e m p e r a t u r e  d i s t r i b u t i o n  i n  t h e  t o p  h e a t e r  e l e c t r o d e  was p r e v i o u s l y  
shown i n  F i g u r e  20 and i s  i n  ag reemen t  wi th  the  ca l cu la t ed  t empera tu re  d i s t r i -  
b u t i o n  f o r  a f i n i t e  r e c t a n g u l a r  f i n  w i t h  n o  i n t e r n a l  h e a t  g e n e r a t i o n .  The 6 1  
BTU/hr o f  hea t  by I R electrical  losses amounted t o  o n l y  8% of t h e  768 BTU/hr 
of  hea t  r ad ia t ed  by  the  e l ec t rodes  and  was neg lec t ed  in  de t e rmin ing  the  ca l cu -  
l a t e d  t e m p e r a t u r e  d i s t r i b u t i o n .  A s  p r e v i o u s l y  i n d i c a t e d  i n  S e c t i o n  VIII, Tes t  
O p e r a t i o n ,  t h e  e l e c t r o d e s  f o r  f u t u r e  test loops w i l l  be redesigned t o  reduce 
t h e  h e a t  losses from the  loop .  The  lower h e a t  losses and t h e  h i g h e r  f l o w  
2 
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TABLE IX 
SUMMARY OF THE  PERFORMANCE OF THE PRINCIPAL COMPONENTS 
BEING  EVALUATED I N  THE  1000-HOUR  SODIUM  THERMAL  COhVECTION IBOP TEST 
Component 
1. E l e c t r i c a l  power feedthroughs ;  
r a t e d   c u r r e n t   c a p a c i t y ,  1000 
amperes 
2. C b - 1 Z r  h e a t e r   e l e c t r o d e s  
3. E l e c t r i c a l   c h a r a c t e r i s t i c s  of 
t h e  h e a t e r  
4 .  Therma l   i n su la t ion  
5 .  E l e c t r i c a l   i n s u l n t i o n  
6. Tungsten-rhenium  thermocouples 
Comment 
N o  d e t e r i o r a t i o n  of t h e  vacuum seal or 
a i r  leakage  observed.  Maximum c u r r e n t  
d u r i n g  test: 564 amperes 
P e r f o r m a n c e   s a t i s f a c t o r y ;  however, 
f u t u r e  e l e c t r o d e s  w i l l  be modified by 
d r i l l i n g  h o l e s  i n  t h e  e l e c t r o d e s  t o  
r educe  hea t  loss from t h e  h e a t e r  f l u i d  
(Na) and t o  r educe  the  t empera tu re  a t  
t h e  C b - 1 Z r  electrode/OFHC copper bus 
bar i n t e r f a c e .  
Performance w a s  s a t i s f a c t o r y .  Resis- 
t a n c e  was w i t h i n  20% of p red ic t ed  
v a l u e s  a t  t h e  tes t  cond i t ions .  
Dimpled  Cb-1Zr f o i l  WRS s a t i s l ac to ry  
i n  a l l  r e spec t s .   Four   l aye r s  o n  t h e  
h e a t e r  t u b e  a n d  s i x  l a y e r s  on o t h e r  
r e g i o n s  were r e a d i l y  i n s t a l l e d  and 
adequa te ly  in su la t ed  these p o r t i o n s  
o f  t h e  l o o p .  
The alumina (99.7% A 1 2 0 3 1  insulat.oz-s 
used on the e l ec t r i ca l  power leads and 
the thermocouple  wires were n o t  a f f e c t e d  
by t h e  t es t  environment. 
I n i t i a l  i n s t a l l a t i o n  p r o c e d u r e s  r e s u l t e d  
bQth i n  b r e a k a g e  of t h e  thermocouple 
leads, p a r t i c u l a r l y  t h e  W-3%Re wire, and 
i n  t h e  g e n e r a t i o n  of spur ious  cmfs i n  t h e  
thermccouple feedthroughs due t o  con tac t  
o f  l e a d s  w i t h  t h e  walls of t h e  n i c k e l  
f eed th rough   t ubes .  The  procedures 
developed  and  used [or  t h e  rc-instrumenta- 
t i o n  of t h e  l o o p  af ter  509 hours of test 
o p e r a t i o n  r e s u l t e d  i n  re1 iable thermo- 
couple  performance during the second per iod 
of loop o p e r a t i o n ,  
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rates of the  forced  convec t ion  loops  w i l l  permit more accura te  thermal  ba lances  
and provide a secondary  ca l ib ra t ion  on t h e  f l o w  rate  t o  be measured by a perma- 
nent  flowmeter. 
The  use  o f  mul t ip l e  l aye r s  o f  metallic f o i l  as thermal  insu la t ion  proved  
v e r y  e f f e c t i v e .  No s i g n i f i c a n t  c h a n g e  i n  t h e  i n s u l a t i n g  e f f e c t i v e n e s s  o f  t h e  
f o i l  was observed  dur ing  the  1000  hour test .  The  number  of  layers  of f o i l  on 
t h e  h e a t e r  was l i m i t e d  t o  f o u r  t o  m i n i m i z e  t h e  s h o r t  c i r c u i t i n g  e f f e c t  o f  
h e a t e r  c o i l  w i t h  t h e  accompanying I R h e a t i n g  of t h e  f o i l .  Dur ing  the  test, 
l i t t l e  hea t  genera t ion  was observed i n  t h e  f o i l ,  probably due t o  i t s  h igh  
e lectr ical  r e s i s t i v i t y  p a t h  t h r o u g h  t h e  l a y e r s  o f  f o i l .  The  number  of  layers 
i n  f u t u r e  tests w i l l  be  increased from f o u r  t o  s i x  on t h e  h e a t e r  coils which 
s h o u l d  i n c r e a s e  t h e  t h e r m a l  e f f e c t i v e n e s s  by 40%. The f o i l  d i d  n o t  become em- 
b r i t t l e d  d u r i n g  t h e  test and could be e a s i l y  removed  and reused i f  r e q u i r e d .  
2 
Temperature measurement proved t o  be  the  g rea t e s t  p rob lem area i n   t h e  
e n t i r e  tes t ,  b o t h  d u r i n g  i n s t a l l a t i o n  a n d  o p e r a t i o n .  The use  of  0.005-inch 
diameter tungsten-rhenium thermocouple wire requi red  ex t remely  carefu l  handl ing  
of a l l  p h a s e s  o f  t h e  i n s t a l l a t i o n .  T h e  b r a z i n g  of the  thermocouple  wires i n  
th . e  n i cke l  t ube  o f  t h e  vacuum feed th rough  r equ i r ed  ca re fu l  con t ro l  o f  t he  atmos- 
phere  and  braz ing  procedure  to  obta in  a leak-free assembly. However, once a 
leak-free assembly was obtained, no problems were exper ienced  in  the  re -opening  
o f  t h e  b r a z e d  j o i n t s  o r  f a i l u r e  o f  t h e  ceramic seals d u r i n g  t h e  t e s t .  The 
ex tens ive  use  o f  metallic f o i l  as t h e r m a l  i n s u l a t i o n  r e q u i r e d  c a r e f u l  i n s t a l l a -  
t i o n  n e a r  t h e  exposed thermocouple wires, e s p e c i a l l y  a t  t h e  j u n c t i o n  a s  
p r e v i o u s l y  i l l u s t r a t e d  i n  F i g u r e  1 6 ,  t o  prevent  inadver ten t  contac t  which  
would r e su l t  i n  a s i g n i f i c a n t  emf output  error and would be  e x t r e m e l y  d i f f i c u l t  
t o  d e t e c t .  The  the rmocoup le  in s t a l l a t ion  p rocedures  deve loped  fo r  t h i s  test  
w i l l  b e  q u i t e  v a l u a b l e  i n  t h e  f u t u r e  l o o p  tests i n  a s s u r i n g  a c c u r a t e  tempera- 
t u r e  measurements and i n  minimiz ing  the  loss  of  thermocouples  due  t o  breakage 
and s h o r t s .  
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X I I .  SUMMARY AND CONCLUSIONS 
Seve ra l  of t h e  test components  and experimental  procedures  to  be ut i l ized 
i n  t h e  Cb-1Zr  Pumped Sodium Loop and t h e  Cb-1Zr Rankine System Corrosion T e s t  
Loop have  been  expe r imen ta l ly  t e s t ed ,  Th i s  t e s t ing  was conducted i n  a re- 
la t ive ly  s imple  thermal  convec t ion  loop  test. 
The components to  be  checked  were 1 2 R  h e a t e r s  and the  assoc ia ted  h igh-  
c u r r e n t  e lectr ical  feedthroughs .  Also ,  the  test gave  an  opportuni ty   to   check 
temperature measurement procedures and techniques used to monitor vacuum levels 
and  measu re  pa r t i a l  p re s su res  of r e s i d u a l  g a s e s .  
I n  general,  the  components  and  techniques  performed as a n t i c i p a t e d .  How- 
ever, i n  some areas i t  was a p p a r e n t  t h a t  m i n o r  a l t e r a t i o n s  i n  d e s i g n  o r  p r o -  
c e d u r e s  u t i l i z e d  would r e s u l t  i n  an improved  experiment. The major  improve- 
ments w i l l  r e s u l t  from d r i l l i n g  h o l e s  i n  e l e c t r o d e s  t o  r e d u c e  c o n d u c t i o n  
hea t  losses  and  rev ised  thermocoupl ing  procedures  to  reduce  breakage  of thermo- 
couple  wires and el iminate  spurious emfs generated by contac t  of  leads  wi th  
n i c k e l  f eedthrough  tubes.  
The compa t ib i l i t y  o f  t he  Cb-1Zr al loy with f lowing sodium in a sys tem 
wi th  a l a r g e r  t e m p e r a t u r e  d i f f e r e n t i a l  was substant ia ted.   Al though  the  f low 
v e l o c i t y  was n e c e s s a r i l y  q u i t e  low i n  t h i s  l o o p  as compared wi th  the  subsequent  
pumped loops  o f  t h i s  p rogram,  the  f ac t  t ha t  no corrosion was observed i n  a r e a s  
t h a t  o p e r a t e d  a t  temperatures  100' t o  150°F higher  than planned for  the pumped 
systems was r eas su r ing .  The r e s u l t s  of chemica l   ana lyses   ind ica ted  a p o s s i b l e  
migra t ion  of  oxygen  from t h e  h o t t e r  r e g i o n s  of t he  loop  to  the  coo le r  r eg ions .  
Pos t - t e s t  eva lua t ion  o f  t he  fu tu re  loop  tests w i l l  inc lude  de ta i led  chemica l  
ana lyses  and  meta l lographic  examinat ions  to  de te rmine  the  ex ten t  of  in te r -  
s t i t i a l  e l e m e n t  m i g r a t i o n ,  p a r t i c u l a r l y  of oxygen. 
The adequacy of t h e  test chamber  environment i n  p r e v e n t i n g  s i g n i f i c a n t  
i n c r e a s e s  i n  t h e  i n t e r s t i t i a l  e l e m e n t  c o n c e n t r a t i o n  of the loop tubing due 
to  con tamina t ion  was subs tan . t ia ted .  
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APPENDIX A 
DRAWINC LIST 'AND  DRAWINGS OF THE Cb-1Zr SDDIUM 
THERMAL  CONVECTION IM)P TEST 
T i t  l e  
Sodium Thermal Convection Loop Assembly 
Heater Coil  Assembly 
Heater C o i l  I n s t a l l a t i o n  
Tee  
Surge  Tank 
Valve  Tube  
Bimetall ic Jount Component (Surge Tank Tube) 
Bimetal l ic  J o i n t  Component  (Valve  Tube) 
S u p p o r t  S t r u c t u r e  A s s e m b l y  
Electrical  Connec to r  
Bus B a r  
Washer 
S l e e v e  
A s s e m b l y  S p e c i a l  E l e c t r i c  F e e d t h r o u g h  
Drawing No. 
SK56131-226 
SK56131-228 
SK56131-312 
SK56131-230 
SK56131-231 
SK56131-237 
SK56131-239 
SK56131-237 
SK56131-329 
SK56131-331 
SK56131-334 
SK56131-333 
SK56131-332 
SK56131-326 
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Coil Installation 
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Structure Assembly 
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Figure 48. Sleeve  
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APPENDIX B 
TBOP DESIGN 
1. Nomenclature 
Simple L a t i n  Letter Symbols 
Symbol Quan t i ty  
A Area 
C S p e c i f i c   h e a t  
D Diameter 
E 
f 
Electric p o t e n t i a l  
F a n n i n g  f r i c t i o n  f a c t o r  
g  Conversion  factor 
I E l e c t r i c   c u r r e n t  
k Thermal  conductivity 
L Generalized  lengthparameter , 
1 
N 
P 
Q 
S 
T 
t 
w 
X 
Z 
Length 
Number o f  s h i e l d s  
Power input  
Rate of heat f low 
Per imeter  
Temperature 
Thickness 
Mass flow rate 
Distance 
Eleva t ion  
Unit 
f t 2  
BTU/lbm- OF 
f t ,   i n c h  
Vol t s  
Dimensionless 
l b   / f t  -sec 2 m 
Ampere 
BTU-ft/ft  -hr-"F 2 
f t ,   i n c h  
f t ,   i n c h  
Dimensionless 
Kw 
BTU/sec, BTU/hr 
f t  , inch  
OF 
f t ,  i n c h  
lbm/sec 
f t ,   i n c h  
f t  , inch  
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Cornnosite Latin Letter Svmbols 
9f  
pB 
*Re 
Qloss 
'net 
' 0  
'Re j 
Tend 
Tin  
T~ a 
TO 
Tout 
F r i c t i o n a l  p r e s s u r e  
Buoyancy p r e s s u r e  
Reynolds number DGh! 
Net h e a t  loss from e l e c t r o d e  
N e t  h e a t  r e j e c t e d  from h e a t e r  
Heat rejected from uninsula ted  
electrode 
Heat r e j e c t e d  from hot  leg 
E l e c t r o d e  end tempera ture  
Sodium temperature  a t  h e a t e r  i n l e t  
Sodium temperature  
Elec t rode  base  tempera ture  
Sodium temperature  a t  h e a t e r  o u t l e t  
Te S u r f a c e  t e m p e r a t u r e  a t  l e n g t h ,  
TS 
T*S 
Surface  tempera ture  
Equiva len t .   s ink   t empera ture  of 
environment 
Vacuum chamber wall  tempera ture  
Temperature a t  a n y  d i s t a n c e  X 
Greek L e t t e r  Symbols 
6 Stefan-Boltzman  constant 
€ 
c1 
P L  
T o t a l  e m i s s i v i t y  
Dynamic v i s c o c i t y  
Average  sod ium dens i ty  in  co ld  l eg  
P H  
Y 
Average  sod ium dens i ty  in  ho t  l eg  
F in  Rad ia t ing  Ef f i c i ency  
l b f / f t  , p s i  2 
l b f / f t  , p s i  2 
Dimensionless 
BTU/sec, BTU/hr 
BTU/sec,  BTU/hr 
BTUlSeC,  BTU/hr 
BTU/sec, BTU/hr 
OR 
O R  
OR 
O R  
O R  
OR 
O R  
O R  
OR 
OR 
0.173 x lo-' BTU/hr- 
ft2"R4 
Dimensionless 
lbm/f t -sec 
l b / f t 3  
l b / f t 3  
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2. Flow Rate and  Temperature   Distr ibut ion 
- 
The flow rate  and  t empera tu re  d i s t r ibu t ion  in  a thermal convection loop can 
be determined by so lv ing  s imul t aneous ly  the  equa t ions  r e l a t ing  the  f low rate, 
h e a t  t r a n s f e r  and the  hea t  ba l ance  in  the  sys t em.  Al though  detailed two  dimen- 
s iona l ,  t heo re t i ca l  ana lyses  have  been  ca r r i ed  ou t  fo r  l amina r - f r ee  convec t ion  
in  s imple ,  s ing le  p ipe  loops ,  t he  small va r i a t ions  in  d imens ions ,  ope ra t ing  
condi t ions ,  and p h y s i c a l  p r o p e r t i e s  found i n  t y p i c a l  test l o o p s  r e s u l t  i n  a n  
ex t r eme ly  d i f f i cu l t  ana lys i s  w i th  gene ra l  so lu t ions  imprac t i ca l .  A l though  
experimental  tests under exact conditions are n e e d e d  f o r  r e l i a b l e  r e s u l t s ,  t h e  
fo l lowing  ana lys i s  was completed t o  d e t e r m i n e  t h e  s i z e  o f  t h e  e l e c t r i c a l  power 
equipment required t o  m a i n t a i n  a maximum opera t ing  tempera ture  of  2200°F. 
The method used i n  p r e d i c t i n g  t h e  t h e r m a l  p e r f o r m a n c e  o f  t h i s  l o o p  i s  
based on the  procedure  out l ined  by Bonil la(13) .  A sodium temperature  d i s t r i b u -  
t i o n  i n  t h e  h o t  and co ld  l eg  i s  assumed  and the  f low rate  is ca l cu la t ed  by 
s imul taneous ly  so lv ing  the  hea t  ba lance  and hea t  t r ans fe r  equa t ions .  Us ing  the  
c a l c u l a t e d  f l o w  r a t e ,  t h e  f r i c t i o n a l  p r e s s u r e  loss A P  is  computed  and  checked 
w i t h  t h e  a v a i l a b l e  d r i v i n g  h e a d  o r  b u o y a n c y  p r e s s u r e  A P  d u e  t o  t h e  sodium 
d e n s i t y  d i f f e r e n c e  i n  t h e  h o t  and cold legs.  If t h e  p r e s s u r e  f o r c e s  d e  not 
agree ,  a new sodium AT is  assumed u n t i l  t h e  f r i c t i o n a l  p r e s s u r e  A P  is equal  
t o  t h e  buoyancy pressure AP 
F 
B 
F 
B' 
A schematic diagram of the thermal convection loop i s  shown i n  Figure 50. 
The  sodium i s  hea ted  in  the  ho t  l eg  by an I R e l e c t r i c a l  h e a t e r  and coo led  in  
t h e  c o l d  l e g  by thermal  rad ia t ion  to  the  water -cooled  wal l s  of  the  vacuum 
chamber.  The e f f e c t i v e  h e i g h t  o f  t h e  h o t  and cold legs  of  the loop i s  18 inches.  
2 
The hea t  r e j ec t ed  by r a d i a t i o n  from  a small increment,  dx, of t h e  colbling 
l e g  i s  shown i n  t h e  s k e t c h  below: 
(13)  Boni l la ,  Charles  F., Nuclear Engineering, McGraw H i l l  Book Co., Inc . ,  
N e w  York, 1957, p .  452. 
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20000F Cb-1Zr Tube (0.375'' OD x 0.065" 
1 Wall Thickness) G r i t  B la s t ed  
4 Layers of I .  :-. ~ ....... ..... 
Cb-1Zr F o i l  - 
I n s u l a t i o n  
18" I 
Emiss iv i ty  of 
Tube  Length:  102". 
.c- 1700°F 
6 Layers of 
Cb-1Zr F o i l  
I n s u l a t i o n  
1 
l t a i n  T o t a l  
Developed 
Figure  50. Schematic  Diagram of Thermal  Convection Loop. 
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‘Re j 
where: 
Ts = temperature  
Tw = temperature  
4  4 
f o r  Ts >> Tw 
of  tube  wall 
of  chamber wall 
D i f f e r e n t i a t i n g  e q u a t i o n  ( lb) ,  w e  f i n d  t h a t  t h e  h e a t  r e j e c t i o n  ra te  f o r  
an  inc remen ta l  r ad ia t ing  area, dA, is equal  t o  
dQRej = Ts4 dA 
For a tube,  dA = r D  dx ( I d )  
a n d  s u b s t i t u t i n g  f o r  dA i n  e q u a t i o n  (IC), w e  o b t a i n  
dQRe j =&Ts4 n D  dx (le) 
During steady s ta te  cond i t ions ,  t he  heat r e j e c t e d  from the  inc remen ta l  
area, dA, i s  also equal  t o  t h e  h e a t  loss of t h e  sodium i n  pass ing  through the  
incrementa l  l ength ,  dx .  
Equating 
W C d T =  
- deRej = WC dTNa 
equa t ions  ( l e )  and  ( I f ) ,  w e  o b t a i n  
6 c T s 4  nD dx 
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.... . . . . . . . .  . . . . . . .  - ... ........................ 
which can be rearranged t o  
dT V 6 C D  dx 
" 
4 - w c  
TS 
Upon i n t e g r a t i n g  e q u a t i o n  ( l h ) ,  w e  o b t a i n  
1 3 3 m x  - =  
T3 w c  
+ const  
Upon e v a l u a t i n g  e q u a t i o n  ( l i )  when x = 0, T = 2660°R, w e  ob ta in  
1 -12 - 3 d c n D x  
" 
T3 
53.2 x 10 - w c  
where : 
T = temperature  a t  x, "R 
x = d i s t a n c e  a l o n g  c o o l i n g  l e g ,  f t  
W = flow rate,  lb /h r  
D = OD of  tube = 0,0313 f t .  
C = s p e c i f i c   h e a t   o f  Na = 0.32 - a t  1950°F  (average  tempera- BTU 
1b"F 
t u r e  assumed for h e a t  r e j e c t i o n  s e c t i o n )  
= t o t a l  e m i s s i v i t y  = 0.5 ( g r i t  b l a s t e d )  
@ =  Stefan Boltzman constant = 0.481 x 10 
(14) 
-12 BTU 
sec-ft"-R 4 
S u b s t i t u t i n g  t h e  a b o v e  v a l u e s  i n  e q u a t i o n  (lj) and f o r  t h e  f irst   tr ial  
assume a 500'F temperature drop, w e  c a l c u l a t e  a flow rate  of 16 .5  lb /hr .  
The t empera tu re  d i s t r ibu t ion  a long  the  coo l ing  l eg  can  now be est imated 
by s u b s t i t u t i n g  t h e  c a l c u l a t e d  f l o w  ra te  i n  e q u a t i o n  (lj) and computing the 
t empera tu re  fo r  any  loca t ion  a long  the  coo l ing  l eg .  The  t empera tu re  d is t r i -  
b u t i o n  f o r  a sodium  flow rate  of 16.5 lb(hr i s  shown i n  F i g u r e  51. The 
(14)  Dotson, L. E. ,  "Emittance Coating Studies on Cb-1Zr Alloy," General 
Electric Company Report, R61FPD571, March 15, 1962. 
-106 - 
2200 
2000 
1800 
0 
Fr 
1400 
1200 
1000 
i 
I 
0 5 10 3 
Heat  Rejection  Length,  Inches 
Figure 51. Temperature  Distribution of the Cold Leg of the 
0.375-Inch Diameter Cb-1Zr Tube  (Emittance = 0.5) 
of the  Sodium  Thermal  Convection  Loop as a  Function 
of the  Heat  Rejection Length. 
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average  hot  leg  tempera ture  can now b e  e s t i m a t e d  a n d  u s e d  i n  o b t a i n i n g  t h e  
buoyancy p r e s s u r e  APB which i s  used i n  c h e c k i n g  t h e  c a l c u l a t e d  f l o w  rate  
based on t h e  t h e r m a l  b a l a n c e  a n d  h e a t  t r a n s f e r  r e l a t i o n s h i p s .  
The computed f low rate  of 16.5 lb/hr  based on an assumed A T  of  500'F 
must now b e  c h e c k e d  w i t h  t h e  f r i c t i o n a l  p r e s s u r e  l o s s  e q u a t i o n  and t h e  a v a i l -  
ab l e  head .  
Reynolds number 
D W  
NRe = -A 
NRe = 3,120 f o r  sodium a t  1900°F 
For smooth  commercial  pipe, t h e  f r i c t i o n  f a c t o r ,  ( f ) ,  f o r  sodium at  a 
Reynolds number of 3,120 i s  e q u a l   t o  0.012 . (15) 
The f r i c t i o n a l  p r e s s u r e  loss can now be computed (neglect expansion and 
t u r n i n g  l o s s e s ) .  The  developed  length  of  the  loop i s  approximately 102 inches.  
o r  
where: 
L = developed length,  102 inches 
D = tube  I D ,  0.245 inch 
/) = density of sodium, 44 l b / f t  
A = flow area of tube, 0.000327 f t  
W = sodium  flow r a t e ,  0.00458 lb/sec 
3 
2 
0. 004582 
2(44)(32.2)(3.27 x 10 ) -4 2 
AP = 1.38 psf  
f 
(15) McAdams, W .  H., Heat Transmission, p. 118, McGraw H i l l  Book Coo, Inc . ,  
N e w  York,  1942. 
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The a v a i l a b l e  head is t h e  n e t  b u o y a n t  f o r c e  d u e  t o  t h e  d i f f e r e n c e  i n  
t h e  d e n s i t y  o f  t h e  sodium i n  t h e  h o t  and coid legs  which have an overal l  
he ight  of  18 inches.  The average temperature  of  the hot  leg was est imated 
t o  be 195O0F.  The average  tempera ture  of  the  cool  leg  w a s  assumed t o  b e  
1795OF. The n e t  a v a i l a b l e  h e a d  A P  is t h e r e f o r e  e q u a l  t o  
where: 
2 = e f fec t ive  he igh t  o f  l oop ,  18  inches  
PC = dens i ty  of  sodium i n  c o l d  l e g ,  4 5 . 5  l b s / f t 3  a t  1745'F & = dens i ty  of  sodium i n  h o t  l e g ,  4 4 . 2  l b s / f t 3  a t  1950°F 
For s teady s ta te  condi t ions  
AP = AP 
B F 
1.8 PSF z1.38 PSF + t u rn ing  lo s ses  
3 .  Power Requirements 
Net  Power Input  - The ne t  power inpu t  fo r  t he  the rma l  convec t ion  loop  
can now be computed  on the bas is  of  the  ca lcu la ted  f low rate  of 0.00958 Ib/sec 
(16 .5  lbs /hr )  and a t empera tu re  r i s e  of 500°F. 
Qnet 
Qn e t  
= w c A ~  (2a)  
= 0.00958 - Ib x 0.318 - BTU x 500°F 
s ec lb°F  
Qne t = 0.72 BTU/sec 
Qnet = 0.78 KW 
I n  a d d i t i o n  t o  t h e  n e t  h e a t  i n p u t  t o  t h e  sodium, t h e  h e a t  l o s s e s  from 
t h e  h e a t e r  and t h e  e l e c t r o d e s  must be added t o  g i v e  t h e  g r o s s  e l e c t r i c a l  
power inpu t .  
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Heater Losses - T h e  l o n g i t u d i n a l  t e m p e r a t u r e  d i s t r i b u t i o n  i n  t h e  h e a t e r  
for  un i form power gene ra t ion  is  a l i n e a r  r ise equa l  t o  
X 
T = (Tout - Tin) - + T  in 
X 
(2b) 
where: 
L = t o t a l  h e a t e r  l e n g t h ,  7 3  i n c h e s  
Tout 
T in  
= sodium temperature out,  2200°F 
= sodium temperature in,  1700'F 
o r  d i f f e r e n t i a t i n g  
dT = 82.3 dx (2c)  
The hea t  loss  from t h e  u n i n s u l a t e d  o r  bare heater  can be est imated by 
dQo = c6Ts4 T D  dx  (2d) 
Subs t i t u t ing  equa t ion  (2c )  i n to  equa t ion  (2d ) ,  w e  o b t a i n  
dQo = CO'TS T D  - 4 dTS 82.3 
In t eg ra t ing  (2d )  and  eva lua t ing ,  w e  o b t a i n  
Qo = 
Q = 2.08 BTU/sec f o r  = 0.2  (14)  (polished Cb-1Zr) 
0 
The most e f f e c t i v e  t y p e  o f  i n s u l a t i o n  u s e d  i n  vacuum i s  a h i g h l y  r e f l e c -  
t i ve ,  mu l t ip l e  sh i e ld  a s sembly .  Fo r  c lose ly  wound layers  of  dimpled f o i l  w i t h  
t h e  same emit tance as the  hea t  sou rce ,  t he  e f f ec t iveness  o f  t he  a s sembly  w i l l  
b e  i n v e r s e l y . p r o p o r t i o n a 1  t o  one  p lus  the  number o f  s h i e l d s .  
The re fo re ,  t he  hea t  loss f o r  t h e  h e a t e r  w i t h  f o u r  l a y e r s  o f  columbium 
f o i l  w i l l  be: 
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&O 
&loss N +1 = -  
w 2.08 
&loss = -  4+1 
&loss 
M = 0.4 BTU/sec 
Electrode Temperature  Distr ibut ion and Heat Loss 
A 
Tend 
N a  
Assuming the  e lec t rode  acts as a finite fin with one dimensional heat 
conduct ion  a long  the  length ;  then  for an element of length, dx, the change 
in  the  hea t  conduc ted  along the fin can be expressed as 
dQcond = [- k A  [ 2)2] dx 
Tend 
ssuming t e  e l e c t r o d e  ts   f i i t e  f i n  w i t h  o n e  d i m e n s i o n a l  h e a t  
conduct ion along the length;  then for  an element  of  length,  dx, the change 
i  t e  ea t  c c t e  a long  the  f in  can  e e ressed s 
where A = c r o s s  s e c t i o n  area. 
The h e a t  r e j e c t e d  from the  su r face  o f  t he  inc remen ta l  l eng th ,  dx, i s  
where S = c i rcumference  of  e lec t rode  
Equating  (3a)  and  (3b), we o b t a i n  
k A (gr dx = G € S  (Ts 4 - Tw 4 ) dx 
or 
d 2T d€ S 4 4 
dx 
" 
2" k A  Os - Tw 1 
(3c) 
-u1- 
€ S  
Equation (3d) i s  t h e  same e q u a t i o n  t h a t  i s  so lved  by Lieblein'")  with 
-
A i n s t ead   o f   o r   t he   gene ra l i zed   l eng th   pa rame te r  t 
Using equation (3d) and Figures 52  and  53, t he  fo l lowing  end tempera tures  
and hea t  l o s ses  were c a l c u l a t e d  f o r  t h e  e l e c t r o d e s :  
E lec t rode  - TO . Tend L n Q Loss - - - 
3/4" x 1/2" x 5" LG 2200°F  1002°F 1.87 0.32 0.1 - BTU s e c  
3/4" x 1" x 5" LG 1950°F  1 45°F  2.64 0.25 BTU 
s e c  0.14 -
T o t a l  Power Input Required - The t o t a l  t h e r m a l  i n p u t  t o  t h e  l o o p  h e a t e r  may 
be determined by summation of t h e  n e t  h e a t  i n p u t  t o  t h e  sodium and t h e  h e a t  
l o s s  from t h e  e l e c t r o d e s  and t h e  h e a t e r .  
H e a t e r  i n p u t  t o  sodium 0.7 BTU/sec 
Heat  loss  from e l e c t r o d e s  0.35 BTU/sec 
Heat  loss  from h e a t e r  0.4 BTU/sec 
T o t a l  Power 1.45 BTU/sec 
T o t a l  Power 1.53 KW 
4 .  E l e c t r i c a l  C h a r a c t e r i s t i c s  of t h e  I R Heater  2 
The hea t  i npu t  t o  the  the rma l  convec t ion  loop  is by e l e c t r i c a l  r e s i s -  
t ance  hea t ing  of  the  hot  leg  of  the  loop .  Heat gene ra t ion  occur s  in  bo th  the  
tube  and t h e  sodium a s  a func t ion  o f  l oca l  t empera tu re  and  geometry.  The 
h e a t e r  c o n s i s t s  o f  two c o i l s  i n  series wi th  a common center e l e c t r o d e  and 
both ends grounded.  The difference in  the power generated  between  the  upper 
and lower c o i l  a s  a result  of t h e  d i f f e r e n c e  i n  a v e r a g e  e l e c t r i c a l  resistance 
(16)  Lieb le in ,  S. ,  "Analysis of Tempera ture  Dis t r ibu t ion  and Radiant Heat 
T r a n s f e r  Along a Rectangular Fin of Constant Thickness," TND-196, NASA, 
November, 1959. 
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which is a func t ion  of  the  tempera ture ,wi l l  be  neglec ted .  I t  w i l l  be assumed 
tha t  each  co i l  d i s s ipa t e s  one -ha l f  of t h e  total  power inpu t .  
Sodium h e a t e r  
No. of c o i l s  2 
Material 
Electrical E e s i s t i v i t y  
of Cb-1Zr 
Electrical r e s i s t i v i t y  
of sodium 
Cb-1Zr 
56 x ohms-cm @ 2050°F 
74.8 x ld6 ohms-cm @ 2050°F 
Tota l   l ength   73   inches  
Tube I D  
Tube OD 
0.375 inch 
0.245 inch 
Res is tance  of one  co i l  ( t ube  on ly )  
Res is tance  of c o i l  = 1/2 
Res is tance  of c o i l  = 1/2 56 x lom6 x 73 
- 245 ) 2.54 2 
Res is tance  of c o i l  = 0.0126 ohms 
Res is tance  of sodium i n  o n e  c o i l  = 1/2 - P L  A 
Resist ance of sodium i n  o n e  c o i l  = 0.0229 ohms 
T o t a l   r e s i s t a n c e   o f   e a c h   c o i l  = ~ 1 7 I 1. - + -  
%a RCb 
1 
1 1 
0.0229  0.0126 
+ -  
T o t a l  r e s i s t a n c e  o f  e a c h  c o i l  = 0,00815 ohms 
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Assuming each c o i l  w i l l  c o n t r i b u t e  1/2 of t h e  1 .74  k i lowat t s  requi red ,  
t h e  c u r r e n t  i n  e a c h  c o i l  w i l l  be 
I =vi 
I = d  0.00815 870 watts ohms 
I = 326 amps 
The vol tage  drop  across  each  leg  w i l l  be  
E = I R  
E = 326 amps x 0.00815 ohms 
E = 2.65  vol t s  
The t o t a l  i n p u t  c u r r e n t  t o  t h e  h e a t e r  w i l l  be 
‘Tot 
= 2 I = 652 amps 
5. I n t e r n a l   P r e s s u r e   S t r e s s  
The maximum p r e s s u r e  stress i n  t h e  l o o p  sys tem i s  i n  t h e  l o o p  t u b i n g .  
P 
t 
- ( r i  + 0.6 t )  
where 
P = i n t e r n a l   p r e s s u r e ,  190 p s i a  
D = i n s i d e   t u b e  diameter, 0 .25  inch 
t = w a l l  th ickness ,   0 .065  inch 
r .  = i n s i d e  t u b e  r a d i u s ,  0 . 1 2 2  i n c h  
1 
SH = - 0.065 .Ig0 [0.122 + 0.6(0.065)] 
SH = 370 ps i  
The stress requ i r ed  to  p roduce  1% c r e e p  i n  10,000 hours  a t  2200°F i s  
(17) repor ted   to  be   approximate ly  1200 p s i  . 
(17) Moss, Thomas A . ,  “Materials Technology Present ly  Avai lab le  for  Advanced 
Rankine Systems,” Nuclear App l i ca t ions ,  Volume 3, No. 2, February 1967, p 74.  
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APPENDIX C 
GRAIN GROWTH STUDIES ON Cb-1zr TUBING 
1. Prev ious   S tud ie s  
E a r l y  i n  t h e  program it w a s  r e a l i z e d  t h a t  t h e  d e s i g n  o f  c e r t a i n  of t h e  
loop components, such as h e a t e r  coils which  requi red  fabr ica t ion  by bending, 
followed by test o p e r a t i o n  i n  t h e  t e m p e r a t u r e  r a n g e  o f  i n t e r e s t ,  2000-2300°F, 
might result  i n  c r i t i ca l  s t r a i n  g r a i n  g r o w t h  i n  t h e  Cb-1Zr t u b e  walls. The 
most p e r t i n e n t  p r e v i o u s  r e s e a r c h  i n  t h i s  area w a s  conducted by Murphy and 
h i s  co-workers (18) 
I 
This  s tudy  a t  Los A l a m o s  w a s  concerned with c r i t i ca l  s t r a i n  grain growth 
i n  t h r e e  materials: una l loyed   tan ta lum,   t an ta lum  p lus  0.1 per   cen t   tungs ten ,  
and tantalum plus  3 per  cent  tungsten.   Varying  amounts  of  deformation were 
, in t roduced  in to  the  recrys ta l ized  f ine-gra ined ,  1 /8- inch  th ick  shee t  material 
by r o l l i n g .  Specimens of  the three materials were then  hea t  t r ea t ed  fo r  one  
hour a t  the i r  normal  annea l ing  tempera tures  (Ta,  1100°C; Ta-O.l%W, 1200°C; 
and Ta-3%WJ 1600°C)  and  examined m e t a l l o g r a p h i c a l l y  t o  d e t e r m i n e  t h e  e x t e n t  
of  c r i t i c a l  s t r a i n  g r a i n  g r o w t h  i n  e a c h .  T h e  g r a i n  size was p l o t t e d  v e r s u s  
t h e  p e r  c e n t  r e d u c t i o n ,  and t h e  s t r a i n  c o r r e s p o n d i n g  t o  t h e  maximum g r a i n  size 
which developed during the heat  t reatment  was def ined  as t h e  c r i t i ca l  s t r a i n .  
The c r i t i ca l  s t r a i n  v a l u e s  o b t a i n e d  f o r  t h e  t h r e e  materials were as fol lows:  
Ta,  18%; Ta-O.l%W, 13%;  and Ta-3.0%WJ 9.5%. A t y p i c a l  example  of t h e  e f f e c -  
t i v e n e s s  o f  t h e  c r i t i c a l  s t r a i n  i n  p r o d u c i n g  g i a n t  g r a i n s  i n  t h i s  s t u d y  may 
b e  s e e n  i n  t h e  r e s u l t s  o b t a i n e d  f o r  t h e  Ta-O.l%W a l l o y .  The g r a i n  size of 
t h e  specimen which received 13% reduct ion  was 400 microns,  while a similar 
specimen with 40% reduc t ion  has  a post-heat treat  g r a i n  size of  50 microns.  
2 
I t  
t h e  Cb- 
C r i t i c a l  S t r a i n  G r a i n  Growth Tes t s  on  Cb-1Zr Tubing Used 
~- ~ 
t o  C o n s t r u c t  t h e  Sodium Thermal Convection  loo^ 
- - 
w a s  c o n c l u d e d  t h a t  t h e  s t r a i n  g r a d i e n t  i n t r o d u c e d  i n  t h e  t u b e  walls of  
Z r  t u b i n g  fo r  t h e  Sodium Thermal Convection Loop during bending might 
r e s u l t  i n  even more exaggera ted  gra in  growth  than  observed  in  the  shee t  
(18) Murphy, D. J., Ferguson, W .  E. ,  and  Hanks, G. S., "Crit ical  S t r a i n  i n  
High Purity Tantalum and Tantalum-Tungsten Alloys," LA-2871, Los A l a m o s  
Sc i en t i f i c  Labora to ry ,  June  24, 1963. 
spec imens  of  the  s tudy  c i ted  above  which  had  no  s t ra in  grad ien t .  A plot of  
t h e  maximum s t r a i n   i n  0.375-inch OD x 0.065-inch wall t u b i n g  as a func t ion  
of  bend diameter i s  g iven  in  F igu re  54. T h i s  f i g u r e  i l l u s t r a t e s  t h e  o u t e r  
f iber  s t ra ins  which  develop  when t u b i n g  o f  t h i s  size i s  p l a s t i c a l l y  deformed 
i n  bending.  Elementary  bending  theory would i n d i c a t e  t h a t  t h e  cross s e c t i o n  
of the tubing remains unchanged and t h a t  maximum o u t e r  f i b e r  stress i n  t e n s i o n  
and  compression are e q u a l .   I n   a c t u a l   t u b e   b e n d i n g ,   t h e   t u b e   f l a t t e n s   s l i g h t l y ,  
t h e  n e u t r a l  a x i s  moves c l o s e r  t o  t h e  f o r m i n g  d i e ,  and compressive s t ra in  i s  
decreased from t h e  s i m p l e  t h e o r e t i c a l  v a l u e  w h i l e  the t e n s i l e  s t r a i n  i s  
inc reased .  
A modest test  program was formulated t o  e v a l u a t e  the c r i t i c a l  s t r a i n  
grain growth problem in t h e  0.375-inch OD Cb-1Zr  loop  tub ing  us ing  two bend 
diameters ,  2 .6  inches and 3.5 inches.  These diameters  were chosen as they  
were r e p r e s e n t a t i v e  o f  t h e  h e a t e r  c o i l  d i a m e t e r s  selected in  p re l imina ry  
des ign  layouts  for  the  Sodiu l  Thermal  Convect ion  Loop.  The r e c r y s t a l l i z e d  
Cb-1Zr t u b i n g  u s e d  i n  t h i s  s l a d y  had an ASTM g r a i n  size of  6-8 and analyzed 
as follows: 1%r, 0.0136460, O.O009Y&, 0.00209&, and 0.0004Yd. Twelve-inch 
l e n g t h s  o f  t h a  t u b i n g  were Sormed manually over the 2.6-inch diameter and 3.5- 
inch  diameter dies. A s  may be s e e n  i n  F i g u r e  54, t h e s e  bend diameters y i e lded  
maximum o u t e r  f i b e r  s t r a i n s  o f  a p p r o x i m a t e l y  9% and  12%. Two t r a n s v e r s e  
s e c t i o n s  were c a r e f u l l y  c u t  from t h e  c e n t e r  o f  t h e  bend o f  t h e  formed tub ing  
so as t o  o b t a i n  as uniform an amount o f  s t r a i n  from sample t o  sample within a 
s i n g l e  bend as p o s s i b l e .  A f t e r  a pickl ing t reatment ,  one sample of  each bend 
diameter was wrapped i n  t a n t a l u m  f o i l ,  placed i n  a tantalum container ,  and 
exposed  for   165  hours  a t  2200'F i n  a vacuum of 1 x 1 0  t o r r .  A second set of 
specimens was exposed t o  2000'F f o r  t h e  same l eng th  o f  time and similar 
environmental  condi t ions.  
-5 
Metal lographic  examinat ion of  the heat  treated samples  revea led  s igni f i -  
can t  p re fe ren t i a l  g ra in  g rowth  ove r  a cons ide rab le  area on both the t ens ion  
and  compression side of  the bends.  Figure 55 shows a macrograph  and a lOOX 
micrograph of the sample formed over  the  3.5-inch diameter d i e  and hea t  
treated for  165  hours  a t  2200'F. A s  i s  q u i t e  a p p a r e n t  i n  t h i s  i l l u s t r a t i o n ,  
t h e  s h a r p  s t r a i n  g r a d i e n t  i n  t h e  tube  wall  r e s u l t e d  i n  a very abrupt change 
i n  t h e  g r a i n  size.  
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There was l i t t l e  d i f f e rence  in  the  magn i tude  o f  t he  g ra in  g rowth  be tween  
the  spec imens  wi th  the  two  bend diameters  a t  a given temperature .  However, 
t h e   t o t a l  volume of .  g ra in  growth  was less in those samples  exposed a t  t h e  
lower temperature .   The  f ine-grained  s t ructure ,  shown i n  F i g u r e  55, i s  repre-  
s e n t a t i v e  o f  t h e  s t r u c t u r e  o f  t h e  r e c r y s t a l l i z e d  t u b i n g .  
I n  o r d e r  t o  d e t e r m i n e  w h e t h e r  t h i s  c o n d i t i o n  e x i s t s  a f t e r  a s h o r t  time a t  
e leva ted  tempera tures ,  one  sec t ion  of each bend diameter w a s  vacuum h e a t  
t r e a t e d  f o r  o n e  h o u r  a t  2200°F and examined for  ev idence  of  gra in  growth .  
In i t i a t ion  o f  g rowth  w a s  found only  on  the  tens ion  s ide  of  the  sample  formed 
over  the  2 .6- inch  diameter d i e ,  as i l l u s t r a t e d  i n  F i g u r e  56. This  i s  no t  
s u r p r i s i n g  s i n c e ,  as was poin ted  out  earlier, t h e  amount o f  s t r a i n  on t h e  
t e n s i o n  s i d e  o f  t h e  t u b e  wall  would b e  s l i g h t l y  g r e a t e r  t h a n  on the compression 
side. 
As a r e s u l t  o f  t h e s e  s t u d i e s ,  i t  w a s  a n t i c i p a t e d  t h a t  a cons ide rab le  
amount of c r i t i ca l  s t r a in  g ra in  g rowth  would b e  o b s e r v e d  i n  t h e  h o t t e r  r e g i o n s  
o f  t h e  Sodium Thermal Convection Loop which were formed by bending,even 
though a s l i g h t l y  l a r g e r  bend diameter (4 i nches )  w a s  s p e c i f i e d  f o r  t h e  d e s i g n  
than w a s  used in  the s tudy descr ibed above.  The 4- inch bend diameter gave a 
maximum s t r a i n  of 8 per  cent .  The considerable  grain growth tha t  d id  occur  
i s  well i l l u s t r a t e d  i n  F i g u r e s  29, 30, and 31 o f  t h i s  r e p o r t  where some of 
t h e  g r a i n s  were observed t o  have grown t o  a size of 30 mils (760 microns) .  
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